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Purpose 


The  purpose  of  this  document  is  to  provide  teachers,  students,  parents,  and  administrators  with 
examples  of  students’  responses  that  illustrate  the  provincial  standards  expected  of  students  who 
complete  Physics  20. 


For  each  of  the  written  or  performance  tasks,  the  Examples  of  Students’  Responses  document 
contains 

• the  student  task 

• the  scoring  criteria  to  be  used  by  teachers  to  evaluate  their  students’  work  (these  criteria  can 
also  be  found  in  the  Teacher  Manual) 

• examples  of  students’  responses  at  each  criteria  “level” 

• commentaries  that  illustrate  and  explain  how  the  scoring  criteria  fit  each  response 

Each  student  response  in  this  document  is  reproduced  as  it  appeared  in  the  assessment;  that  is,  in 
the  students’  own  handwriting.  Because  of  space  limitations,  the  planning  and  drafting  that  may 
have  preceded  or  accompanied  some  of  the  responses  may  not  have  been  included.  However, 
teachers  and  other  readers  should  note  that  research  has  demonstrated  a very  strong  relationship 
between  the  quality  of  planning  and  the  degree  of  success  in  written  expression. 

Selection  of  Examples 

The  students’  responses  in  this  document  were  selected  from  those  produced  during  the  pilot 
testing  of  the  Classroom  Assessment  Materials  Project  in  May  and  June  of  1996.  A committee 
composed  of  Physics  20  teachers  from  different  parts  of  the  province  reviewed  and  validated  the 
assessments  and  scoring  criteria,  then  selected  students’  responses. 

These  examples  of  students’  work  illustrate  the  provincial  standards  for  students  who  complete 
Physics  20. 

Considerations 

Please  note  that 

• the  examples  presented  illustrate  specific  standards  (scoring  criteria),  but  are  not  necessarily 
typical  of  the  responses  submitted 

• the  selected  responses  represent  only  a few  of  the  possible  approaches  to  each  task.  None  of 
the  examples  is  intended  to  serve  as  a model  of  a particular  approach 

• you  should  consider  each  student  example  in  light  of  the  constraints  of  the  assessment 
situation.  Under  assessment  conditions,  most  students  are  able  to  prepare  responses  that 
must  be  considered  as  first  draft  only 
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Written  Response  1 


The  task  as  it  appears  in  the  Teacher  Manual: 

Use  the  following  information  to  answer  the  next  question. 


Stsm 


From  the  starting  line,  a race  car  accelerates  uniformly  along  the  80  m straightaway,  A, 
before  entering  the  200  m curve,  B.  To  travel  the  shortest  distance,  the  race  car  drives 
as  close  to  the  inside  edge  of  the  race  track  as  possible.  The  race  car  has  a mass  of 
1200  kg. 


I Written  Response  — 10  marks 


1.  I a.  The  race  car  starts  from  rest  and  accelerates  uniformly  at  2.4  m/s^  along  the 
straightaway.  What  is  its  speed  when  it  enters  the  first  turn? 

There  are  three  checks  for  a: 

1.  Stating  Vf2  = V[^  + lad  (communication) 

2.  Correctly  substituting  values  into  formula 

3.  Ccdculating  an  answer  of  20  m/s 
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b.  While  going  around  the  curve,  B,  the  driver  wants  to  go  as  fast  as  possible  but  does  not 
want  the  car  to  skid.  For  the  road  conditions,  the  force  of  friction  between  the  tires  and 
the  road  is  equivalent  to  3.2  times  the  weight  of  the  race  car.  What  is  the  maximum  speed 
the  car  can  safely  have?  (Note:  When  > Ff,  the  race  car  will  skid.) 


There  are  six  checks  for  b: 

4.  Stating  Ff  = 32  W or  3.2  Fg  (communication) 

5.  Stating  Fg  or  W = ma  (communication) 

6.  Stating  Fc  = Ff  (communication) 

2 

7.  Implicitly  stating  Fc  = — ^ 

8.  Correctly  substituting  values  throughout 

9.  Calculating  an  answer  of  79  m/s 


c.  A spectator  in  the  stands  near  the  start  line  observes  that  the  loudness  of  the  engines 
increases  and  then  decreases  as  the  race  cars  travel  from  C to  A.  This  is  not  the  only 
change  that  is  observed  as  the  race  cars  travel  from  C to  A.  Describe  and  explain  what 
other  change  occurs,  in  terms  of  sound  waves. 


There  are  six  checks  for  c: 

10.  The  pitch  or  frequency  increases 

11.  The  pitch  or  frequency  decreases 

12.  The  increase  happens  as  the  car  approaches  the  spectator 

13.  The  decrease  happens  as  the  car  leaves 

14.  The  increase  occurs  because  the  number  of  wave  fronts  per  second  increases 
(or  the  wavelength  decreases) 

15.  The  decrease  occurs  because  the  number  of  wave  fronts  per  second 
decreases  (or  the  wavelength  increases) 
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Use  this  chart  to  convert  the  number  of  checks  the  response  received  to  the  student’s 
mark  out  of  10  on  this  question. 

Conversion  of  Check  Marks  to  Marks 


Check  Marks 

Marks 

15 

10 

13-14 

9 

12 

8 

11 

7 

9-10 

6 

7-8 

5 

6 

4 

4-5 

3 

3 

2 

1-2 

1 

0 

0 

General  Trends 


In  part  b.  of  this  question,  students  tend  to  display  very  weak  mathematical  communication  skills. 
Although  the  substitutions  show  students  understand  that  the  forces  are  equivalent,  they 
communicate  this  only  imphcitly. 

In  part  c.  of  this  question,  minor  changes  were  made  to  the  wording  of  the  question  in  response  to 
comments  from  pilot  teachers. 
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Student  Example  1 

This  response  would  receive  a score  of  8 out  of  10 


Use  the  following  information  to  answer  the  next  question. 


I Written  RegpwMc  — 10  marki  1 

I 1,1  a.  The  nee  car  starts  from  rest  and  accelerates  oniformly  at  2.4  m/s^  along  the 
straightaway.  What  is  its  speed  when  it  enters  die  first  turn? 

FfW 

Ot'- + 

Mr-.. 

ot, TKe  -k.,.,.!  30s 


Continued 
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Ik  While  going  around  the  curve,  B,  the  driver  wama  to  go  aa  Cut  u pouible  but 
does  not  want  the  car  to  skid.  For  the  road  concKtions,  the  force  of  Mctioo 
between  the  dres  and  die  toad  is  equivalent  (n  dmen  the  weight  of  the  race 

car.  What  is  the  maximum  speed  the  car  can  safely  have?  (Note:  When 
Fe  > Ff,  the  race  car  will  skid.) 

I Ffv.jL 


r ^ 
V^^jwrT" 


■-p 


IS’ 


1 3ua(t3 


tS  7.7a /of 


76  77o:x7  ? 


c A spectator  in  the  stands  near  the  start  hue  observes  that  the  loudneu  of  the 
engines  increases  and  then  decreases  u the  laoe  cars  travel  fiomC  to  A.  This 
is  not  the  only  change  that  is  observed.  Describe  what  other  change  occurs,  in 
terms  of  sound  waves. 


w-.aU  «««-•  4t  +t.Af 

of  -ru*  .f  -fu  ^ 

il  Arte^iAt¥^cy . fLc  D^/cr' 

a,  -ft...  ^ 

U.l'  ^ o/-tV«.  S-A.<  . 

Cftu,/Vy  0....  OA.  *.A-^ 

-fU.  5*.'^ 

#^dVC«-re»  'fW^r4ck(7 

Ti\t^  o'Hw.iT'  ctietar^C  <j^CcA</st^ 

Commentary 

In  part  a.,  the  student  states  the  formula,  substitutes  correctly,  and  states  the  answer  with  the  correct 
units  and  the  correct  number  of  significant  digits,  thus  receiving  all  3 checks. 


The  response  in  part  b.  receives  4 checks.  Because  of  a copying  error  (3W  rather  than  3.2  W),  the 
student  loses  either  check  4 or  8,  but  not  both.  The  communication  of  check  6,  = Ff,  is  implied, 

not  stated,  so  the  check  is  not  awarded.  The  answer  of  7.7  x 10  m/s  is  consistent  with  the  calcu- 
lation shown.  This  student  is  making  connections  beyond  simple  formulas  from  the  data  sheet. 

In  part  c.,  the  student  clearly  identifies  the  change  in  pitch  and  relates  it  correctly  to  the  motion  of 
the  race  car  for  checks  10  through  13.  The  student  also  receives  check  14  because  of  the  attempt  to 
explain  why  the  changes  occur.  This  student  is  confident  in  applying  physics  to  a real  world 
situation.  The  total  of  12  checks  converts  to  a mark  of  8. 
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Student  Example  2 

This  response  would  receive  a score  of  5 out  of  10. 


Use  the  following  information  to  answer  the  next  question. 


I Written  Response  — 10  marks  I 


m a.  The  race  car  starts  from  rest  and  accelerates  uniformly  at  2.4  m/s^  along  the 
straightaway.  What  is  its  speed  when  it  enters  the  first  turn? 


TV«r«-*we  -VW-  C\roS.  '4'cWV'| 
'XO?  c 


Continued 
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While  going  around  the  curve,  B,  the  driva  wants  to  go  as  fast  as  possible  but 
does  not  want  the  car  to  sldd.  For  die  road  conditions,  the  force  of  firicti<Hi 
between  the  dies  and  the  road  is  equivalent  to  3.2  tunes  the  weight  of  the  race 
car.  What  is  the  maximum  speed  the  car  can  safely  have?  (Note;  When 
Fc  > Ff,  the  race  car  will  sldd.)  ^ 

- r V'. 

A in  die  stands  near  the  start  line  observes  that  the  loudness  of  the 

engines  increases  and  then  decreases  as  the  race  cars  travel  from  C to  A.  This 
is  not  die  only  change  diat  is  observed.  Describe  what  other  change  occurs,  in 
terms  of  sound  waves. 

TVnJL,  Sou/rxi  vjooJO«/i 

:tao«xl3 

O iwr  A. 


Commentary 

In  part  a.,  the  student  states  the  formula,  substitutes  correctly,  and  states  the  answer  with  the  correct 
units  and  the  correct  number  of  significant  digits,  thus  receiving  all  3 checks. 

In  part  b.,  the  student  receives  checks  6, 7,  and  8.  A formula  from  the  data  page,  = mv^/r,  is 
clearly  stated  and  correctly  used.  However,  the  student  misses  the  connection  between  mass  and 
weight.  The  lack  of  communication  in  the  response  shows  that  the  student  has  not  intemahzed  the 
“big  picture”  of  balanced  forces. 

The  student  receives  check  10  in  part  c.  by  identifying  a change  in  the  frequency.  The  response 
f£iils  to  address  any  other  changes  and  therefore  does  not  receive  £uiy  additional  checks.  The  total 
of  7 checks  converts  to  a mark  of  5. 
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Written  Response  2 


Written  Response  2 is  to  be  scored  for  the  knowledge  of  physics  demonstrated  (8  marks)  and  for 
the  effectiveness  of  the  communication  (3  marks).  Tables  follow,  setting  out  the  scoring  criteria 
in  detail. 

The  key  relationship  looked  for  in  the  solution  is  between  experimental  result  and  theoretical 
advancement.  Many  students  are  able  to  list  who  did  what,  but  putting  that  knowledge  into 
perspective  separates  those  at  the  acceptable  standard  from  those  at  the  standard  of  excellence , 


The  task  as  it  appears  in  the  Student  Booklet: 

I Written  Response  — 11  marks 


I 2.  I Newton  thought  hght  was  a stream  of  particles.  Experimental  results  like  those  of 

Foucault,  Young,  and  Poisson  have  led  to  the  idea  that  hght  is  a wave.  Explain  how  this 
evolution  occurred.  Include  experimental  results,  and  explain  how  these  results  caused  the 
model  to  change. 

Note:  A maximum  of  8 marks  will  be  awarded  for  the  physics  used  to  answer  this  problem. 
A maximum  of  3 marks  wih  be  awarded  for  the  effective  communication  of 
your  response. 


General  Trends 


Students  who  simply  list  experiments,  even  with  detailed  descriptions  of  the  experimental  results, 
have  attempted  only  half  of  the  fuU  solution.  Similarly,  students  who  use  a single  experiment  to 
support  a model  have  only  addressed  half  the  solution. 

To  move  into  the  three  or  four  region  of  the  content  matrix,  the  response  needs  to  include  statements 
showing  the  effects  of  experimental  results  on  the  models  of  light. 
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Student  Example  1 

This  response  would  receive  a score  of  10  out  of  11. 


Physics  20 

Scoring  Criteria 

Communication 

The  Student  response 

• is  organized,  and  the  attempt  to  explain  the  solution  is  appropriate; 
however,  errors  sometimes  affect  the  clarity  of  the  explanation 

• describes  the  strategy,  but  details  are  generally  and/or  sometimes 
lacking,  leaving  it  somewhat  open  to  interpretation 

2 

• sometimes  misuses  physics  vocabulary;  an  imphcit  relationship 
exists  between  explanation  and  diagrams  (if  used) 

• may  not  state  the  formula,  which  may,  however,  be  inferred  by 
andyzing  the  calculations 

• may  contain  mathematical  errors  that  can  hinder  the  understanding 
of  either  the  strategy  or  the  solution 

Content 

The  student  response 

• is  well  organized  and  addresses  all  major  points  of  the  question 

• exphcitly  identifies  and  interrelates  relevant  scientific,  technological, 
and/or  societal  concepts 

• contains  descriptions  and/or  explanations  that  reflect  a thorough 
understanding  and  logical  consistency  of  thought 

4 

• uses  correct  diagrams  and/or  sketches  to  illustrate  descriptions 
and/or  explanations 

• may  contain  omissions  or  inconsistencies,  but  the  understanding  of 
the  solution  is  clear 

Continued 
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I WritteoRwr^  — ' 

nn  Newtoo  thought  UgbtwM*  stream  ctfpirticles.  Experimental  results  like  those  of 
Foucault,  Young,  and  POisaon  have  led  to  die  idea  that  li^  is  a wave.  Explain  how 
this  evolution  occnned.  Include  experimental  resutts,  and  explain  how  di^  results 
caused  the  model  to  change. 

Note:  A maximum  (tf  8 marks  will  be  awarded  for  the  physics  used  to  answer  this 
problem.  A tw^itniifn  of  3 merits  will  be  award^  for  the  effective 
communication  of  your  response. 


in<0  4 sViect- of  pap«" 

\v  0'  a IwKt . iviib  etfet  fVtn  ^odoad  a 
Vyi'C.'.  of  hoM  and  darK  spots, 

+wr.  vos  conStmctivc  o.nd  des+mc+ivc  \r&cnvencc 
,\6>rti  on.th\‘3  v*o'>  a chor«*ensK  c^>a«,Ac.^  apatVide. 


^N'o  TsannY 


A" 


iCd  aoiCcV 


O'"  ^ 


wof  \(\  9k  of  ®»  screen. Wc  ciwlc 

Xi>\  tttWaft'i  \'n<,  V'  ' 

iror  nan>cd  Aroqo. 

A nv«n  n»»*d  MbViix  fttnad 
f Afi?^*\oi\s  \W»r  on'M  <n«de  sense  \\aW  yerCte  »e 
Q ««.  M Tms  \aVtr  on  caix'.uf -a  v-nof  was 

sucV\  +Vk  case- 


Commentary 

Communication 

The  student  shows  good  organizational  skills  in  this  response.  Each  of  the  three  scientists  is  dealt 
with  in  complete  paragraphs.  The  student  attempts  to  explain  the  solution,  but  the  description  of 
Poisson’s  dot  and  the  incorrect  chronological  order  interferes  with  the  clarity  of  the  explanation. 
There  is  a clear  relationship  between  the  verbal  response  and  the  diagrams.  The  Young’s  diagram  is 
somewhat  open  to  interpretation  because  of  all  the  wave  fronts.  The  student  uses  physics  vocabulary 
in  relating  “bright  and  dark  spots”  to  “constructive  and  destructive  interference.” 

Content 

To  address  all  the  points  of  the  solution  the  student  needs  to  summarize  experimental  results  and 
show  how  those  results  caused  the  model  of  light  to  evolve.  In  this  response,  the  student 
demonstrates  a thorough  understanding  by  describing  the  diffraction  and  interference  of  light,  and  by 
drawing  the  conclusion,  “This  was  a characteristic  of  a wave,  not  a particle.”  The  description  of  the 
formation  of  Poisson’s  dot  is  acceptable.  The  student  then  refers  to  the  work  of  Frensel  to  cement 
wave  nature,  thus  showing  the  evolution  of  the  model  of  light.  The  response  is  easily  understood. 
The  lack  of  chronological  order  is  not  significant  in  the  content  mark. 
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Student  Example  2 

This  response  would  receive  a score  of  9 out  of  11. 


Physics  20 

Scoring  Criteria 

Communication 

The  Student  response 

• is  complete  and  well  organized,  and  the  explanation  of  the  solution 
is  relevant,  appropriate,  and  clear 

• describes  the  strategy  in  detail  and  in  a logical  manner, 
demonstrating  consistency  of  thought 

3 

• uses  physics  vocabulary  appropriately,  and  a precise,  explicit 
relationship  exists  between  the  explanation  and  diagrams 

• exphcitly  states  the  formula,  if  used 

• may  contain  a mathematical  error,  but  this  does  not  hinder  the 
understanding  of  either  the  strategy  or  the  solution 

Content 

The  student  response 

• is  organized  and  addresses  most  of  the  major  points 
of  the  question 

• identifies  and  interrelates  relevant  scientific,  technological,  and/or 
societal  concepts 

3 

• contains  descriptions  and/or  explanations  that  are  organized  and  that 
reflect  a good  understanding  and  logical  consistency 

of  thought 

• uses  correct  diagrams  and/or  sketches  to  illustrate  descriptions 
and/or  explanations 

• contains  at  most  one  major  omission  or  inconsistency 

Continued 
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I Written  Response  — 11  marksl 

rX]  Newton  thought  light  was  a stream  of  particles.  Experimental  results  like  those  of 
Foucault,  Young,  and  Poisson  have  led  to  the  idea  that  light  is  a wave.  Explain  how 
this  evolution  occurred.  Include  experimental  results,  and  explain  how  these  results 
caused  the  model  to  change. 


Note:  A maximum  of  8 marks  will  be  awarded  for  the  physics  used  to  answer  this 
problem.  A maximum  of  3 marks  will  be  awarded  for  the  effective 
communication  of  your  response. 

/ por^cUi  ATfAvis  't  hit 9 ri 

i 7S  sUer  «:r. 


■■ 


ev 


^ 4kt.  M.  m. 


^lii 


Ihc  i?nla¥rjeA‘6<^.  ^ 

^aveL^t^As.  lvtir£/  Aa*«. 

'*  O * >w<»vC. 

iUiUvf  ^-il  ^ 

^,.t  ■ <34  ^ ^ 

^ .M*  « J*/'  ' 


4- 


$lr«sU- 


Commentary 

Communication 

The  response  is  well  organized  and  complete.  Each  idea  is  numbered.  The  student  demonstrates 
consistency  in  thought  through  the  repeated  comparison  of  wave  and  particle  behaviour  in  each 
point.  There  is  a precise  and  explicit  relationship  between  the  diagrams  and  the  explanations 
through  references  such  as  0^  and  0^.  The  student  uses  physics  vocabulary  correctly  by  naming  the 
“angle  of  refraction.” 

Content 

The  response  addresses  the  major  points  of  the  question.  The  student  demonstrates  a good 
understanding  of  the  evolution  of  the  theory  of  light  by  listing  the  concepts  in  chronological  order. 
In  identifying  reflection  as  being  valid  for  both  models,  the  student  provides  a starting  point  for  the 
evolution.  In  the  conclusion  on  refraction,  the  student  shows  that  oiily  the  wave  model  is  vahd.  The 
student  reinforces  this  model  by  citing  Poisson’s  dot.  By  using  diagrams,  the  student  supports  the 
explanation.  This  response  was  given  a 3 rather  than  a 4 because  in  point  2,  the  student  indicates  the 
speed  of  hght  is  faster  in  water  than  in  air,  which  is  a major  error. 
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Student  Examples 
Written  Response  2 


V CLASSROOM 

\ 'assessment 
' g|  MATERIALS 

Student  Example  3 

This  response  would  receive  a score  of  5 out  of  11. 


Physics  20 

Scoring  Criteria 

Communication 

The  Student  response 

• lacks  organization,  and  the  attempt  to  explain  all  aspects  of  the 
problem  is  not  evident;  errors  affect  the  clarity  of  the  explanation 

• describes  a strategy  that  provides  httle  or  no  detail 

• often  misuses  physics  vocabulary;  a weak  relationship  exists 
between  the  explanation  and  diagrams  (if  used) 

1 

• calculations  may  appear,  but  the  relationship  between  the 
calculations  and  the  solution  is  unclear 

• may  contain  mathematical  errors  that  hinder  the  understanding  of 
the  strategy  and/or  the  solution 

Content 

The  student  response 

• has  some  organization  and  addresses  some  of  the  major  points  of 
the  question 

• implies  relevant  scientific,  technological,  and/or  societal  concepts; 
interrelationships  are  weak 

2 

• shows  some  understanding  in  the  descriptions  and/or 
explanations 

Continued 
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Student  Examples 
Written  Response  2 


CLASSROOM 

ASSESSMENT 

MATERIALS 


I Written  Reapoiiae  — 11  maria  I 

rXI  Newton  thought  light  was  a stream  of  paxticies.  Experimental  results  like  those  of 
Foucault,  Young,  and  Poisson  have  led  to  the  idea  that  light  is  a wave.  Explain  bow 
fhi«8  evolution  occutred.  Include  experimental  results,  and  explain  how  these  results 
caused  the  model  to  change. 


Note:  Amaximumof  8 marks  will  be  awarded  for  the  physics  used  to  answer  this 
problem.  A tn«»imum  of  3 marks  will  be  award^  for  the  effective 
communication  of  your  response. 

^ ^ fU  ^ ^ o/ojc^. 

AJcUd^x^ 

yoc^ 

CrMka/  yavi^'/i  ^ 

^ A cf  M^U,  aUu, 

ai^  Hu  •Oeui  fiKSjU4laf  Hu- 

rx  'c^f  ‘ /W/  ^ I ^ 


<^L/x 


Commentary 


Communication 

The  lack  of  chronological  order  hinders  the  organization  of  this  response.  The  student  identifies 
the  contributions  of  two  people,  Poisson  and  Young,  in  a superficial  manner.  There  is  no  physics 
vocabulary  used  to  assist  the  explanation.  Vocabulary  that  is  expected  includes  interference, 
constructive  or  destructive,  and  diffraction. 

Content 

The  student  addresses  some  of  the  key  ideas  by  presenting  the  results  of  Poisson’s  and  Young’s 
experiments  but  does  not  attend  to  detail  in  the  description.  That  the  connection  between  the 
experiments  and  the  evolution  of  the  theory  is  weak  is  shown  in  the  concluding  sentence— 

“this  only  occurs  in  waves.”  In  the  response,  the  lack  of  observable  interference  supports  a 
particle  model  and  then  interference  “proves”  wave  nature.  This  implies,  but  does  not  explain,  the 
effects  of  experimental  results  to  the  evolution  of  the  model. 
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Student  Examples 
Written  Response  2 


Student  Example  4 

This  response  would  receive  a score  of  3 out  of  11. 


Physics  20 

Scoring  Criteria 

Communication 

The  Student  response 

• lacks  organization,  and  the  attempt  to  explain  all  aspects  of  the 
problem  is  not  evident;  errors  affect  the  clarity  of  the  explanation 

• describes  a strategy  that  provides  httle  or  no  detail 

• often  misuses  physics  vocabulary;  a weak  relationship  exists 
between  the  explanation  and  diagrams  (if  used) 

1 

• calculations  may  appear,  but  the  relationship  between  the 
calculations  and  the  solution  is  unclear 

• may  contain  mathematical  errors  that  hinder  the  understanding  of 
the  strategy  and/or  the  solution 

Content 

The  student  response 

• addresses  some  of  the  major  points  of  the  question 

• shows  little  understanding 

• identifies  concepts,  but  shows  no  interrelationships 

1 

• superficially  describes  and/or  explains  the  concepts 

• shows  minimal  organizational  skills 

Continued 
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Student  Examples 
Written  Response  2 


CLASSROOM 
, ' ' 'ASSESSMENT 
g MATERIALS 


I Written  Responsg  — 11  marks  1 

[2^  Newton  thought  light  was  a stream  of  particles.  Expeiimental  results  like  dK>se  of 
Foucault,  Young,  and  Poisson  have  led  to  the  idea  that  light  is  a wave.  Explain  how 
this  evolution  occurred.  Include  experimental  results,  and  explain  how  these  results 
caused  the  model  to  change. 


Note:  A maTimum  of  8 marics  will  be  awarded  fcv  die  physics  used  to  answer  this 
problem.  A m«Timum  of  3 marks  will  be  award^  for  the  effective 
cmnmunication  of  your  response. 


Jo  pola^  i .i-a+icrrv, 

a , 


WOAi?. 

poioA-Vzaa  • , 

€) 


U^fW"  lA  OYU 

ZcNed  -te  loD 


/fco  LfJ 


!>' 


tw'Jla  c Uo  Ca  o 


cl 


U'oU  pAO^^' 


j£yA 


Commentary 


Communication 

This  response  shows  minimal  organization.  Each  point  listed  has  a diagram..  By  not  addressing  the 
evolution  of  the  model  of  light,  the  student  does  not  address  all  aspects  of  the  problem.  There  is  no 
detail  in  the  explanation  of  diffraction  and  the  relationship  between  the  diagram  and  description  is 
very  weak.  The  diagram  does  not  illustrate  the  bending  of  a wave.  Physics  vocabulary  of 
interference  is  absent. 


Content 

The  student  addresses  part  of  the  question  by  identifying  diffraction.  The  student  demonstrates 
minimal  physics  knowledge  in  the  claim  that  “light  is  a wave  since  particles  cannot  bend.” 
However,  this  does  not  address  the  evolution  of  the  model  at  all.  There  are  three  ideas,  but  there  are 
no  connections  among  them.  In  addition,  polarization  is  supportive  of  either  model,  and  scattering 
is  a natural  phenomena  and  not  the  result  of  experimentation.  This  student  shows  little 
understanding  of  physics  or  scientific  processes. 
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Student  Examples 
Written  Response  2 


Physics  20 


Performance  Tasks 

• Dart  Gun 

• Geological  Surveys 

• Building  a Flashlight 

• Water  Waves 


Scoring  Criteria  for  Performance  Tasks 


I 


Student  Examples 

Physics  20  23  Performance  Tasks 


Practice  Task— Dart  Gun 


CLASSROOM 

ASSESSMENT 

MATERIALS 


The  task  as  it  appears  in  the  Student  Booklet: 


Context 

Toy  manufacturers  must  always  be  safety-conscious  when  designing  toys.  This  is  especially  true  for  toys 
like  dart  guns.  As  a physics  consultant,  your  job  is  to  accurately  measure  the  speed  at  which  the  dart  leaves 
the  gun. 

Problem 

Determine  as  accurately  as  possible  the  speed  at  which  the  dart  leaves  the  gun. 

Materials 

You  may  use  some  or  all  of  the  following: 

• dart  gun 

• dart 

• metre  stick 

• stopwatch 

• masking  tape 

Instructions 

You  have  20-30  minutes  to  design  and  use  a procedure  to  solve  the  problem. 

• Describe  your  procedure. 

CAUTION:  Do  not  point  the  dart  gun  at  anyone. 

• Communicate  your  observations. 

• Analyze  your  results.  Include  all  necessary  calculations,  graphs,  etc.,  to  solve  the  problem. 

• Solve  the  problem  and  evaluate  your  solution. 

• Remember  that  your  work  will  be  scored  for  procedure,  observations,  analysis,  and  solution  to  the  problem. 

Before  leaving  this  station,  put  all  items  of  equipment  back  where  you  found  them.  Leave  the  station  as  it 
was  when  you  arrived. 
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Student  Examples 
Dart  Gun 


: ''  CLASSROOM 
! "*■  ASSESSMENT 

MATERIALS 


General  Trends 

This  task  was  handled  well  by  students  with  a strong  understanding  of  projectile  motion,  namely, 
that  the  horizontal  motion  is  considered  to  be  uniform. 

In  setting  the  controls,  students  usually  fixed  height  and  angle.  When  calculating  speed  students 
correctly  did  horizontal  distance  over  time  and  then  found  the  average  of  the  speeds. 

Some  difficulties  students  encounter  include  a coordination  problem  in  launching  the  dart  and 
starting  the  stopwatch  simultaneously.  A second  difficulty  is  conceptual:  students  determine  the 
magnitude  of  the  velocity  of  the  dart  as  it  hits  the  ground.  As  these  students  have  already  found  the 
horizontal  speed  this  error  is  only  likely  to  penalize  the  student  one  mark  in  each  of  the  analysis  and 
the  solution  section  of  the  assessment. 

An  interesting  variation  had  a student  controlling  the  horizontal  distance  by  shooting  the  dart 
against  a wall. 

For  a student  to  receive  a four  in  the  solution  portion  of  this  task  the  student  is  expected  to  state  the 
determined  speed  as  found  in  the  analysis,  make  a connection  to  the  real  world,  and  evaluate  the 
numerical  solution  by  identifying  sources  of  error. 
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Student  Examples 
Dart  Gun 


Student  Example  1 

This  response  would  receive  a score  of  14  out  of  16. 

Procedure 


You  may  find  it  helpfid  to  ident^  the  important  variables  bt^ore  providing  your  procedure. 


Scoring  Criteria 


Manipulated  (independent)  variable 

Vploc,iyr>f.n..i 

Responding  (dependent)  variable 

Ti'.,ni.g 

Controlled  variablef s')  O'^-^ancr 

/lU.  \,re:-,clt»CC 

4 


The  problem  is  thoroughly 
understood.  An 
appropriate  and  practical 
procedure  is  presented  in  a 
clear  sequence.  The  data  to 
be  collected  would  be 
accurate  and  would  solve 
the  problem.  Any 
omissions  or  inconsistencies 
do  not  hinder  the 
communication  of  the 
procedure. 


Procedure  , . t , j Score  _ 

I*  .(JUi  HKt  yyXttiXd  > 

AAe  ■(M'lXiiurjUL  tr\.  . 

^ tLa/J  -^u/m ! .£Ua^ 

^ ceLvy  ilka  -fU^Lc^voZ,  ^ rytjput 

^ . ^jJkvr.  ‘ ^ ^ ^ jj^‘  . ^ 

^ ^ ^ 

<Ay\XA  iUyyrO^^  Air  'I/pJaaA.  ^ 

7 0-^  -«.  d>uniiMle  iSU 


Commentary 

The  Student  provides  a concise,  step-by-step  practical  procedure  in  a clear,  logical  sequence  that  reflects 
a thorough  understanding  of  the  problem.  The  student  identifies  a control  of  a fixed  distance  in  step  2 
and  measures  time  in  step  5.  In  step  6,  the  student  improves  the  accuracy  of  the  procedure  with  several 
trials.  The  student  also  provides  a diagram  to  aid  the  explanation  of  the  procedure. 

Continued 
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Student  Examples 
Dart  Gun 


Observations 


I?  I CLASSROOM 
SSESSMENT 
MATERIALS 


Scoring  Criteria 


3 


Observations 


Score.- 


The  data  gathered  are 
mostly  consistent  with  the 
procedure.  The 
observations  and  results  are 
mostly  complete:  they 
may  contain  omissions  or 
errors,  but  the  problem  is 
still  solvable.  Scientific 
conventions  of 
communication  are  used. 


Trial 

Number 

Oii-iamce  c r»  ) 

7 i ♦» e ('s') 

1 

1 ^Om 

0.^2 

1 2 

t.PD,. 

0. 15 

3 

1 > OO  r*\ 

0.77 

Commentary 

The.  Student  provides  data  that  are  consistent  with  the  procedure.  The  reason  that  this  response 
receives  a 3 and  not  a 4 is  because  of  the  very  short  distance  of  1 .00  m selected.  The  responding 
travel  time  of  the  dart  is  too  short  to  be  measured  by  a hand-held  stopwatch.  Although  this  is  a 
major  error  that  prevents  an  accurate  solution  to  the  problem,  the  problem  is  still  solvable.  Proper 
conventions  of  units  and  precision  are  used. 


Continued 
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Student  Examples 
Dart  Gun 


Analysis 


Analysis 


Scoring  Criteria 


A-f, 

^(p,lV0.'k5^O,lX)s^^ 
-0.  b^sXS 
-'0J3s 


3 


-til  OO  rr> 


The  analysis  is  mostly 
organized  and  mostly 


o.ns 


= 5 m/s 


understood.  The 

mathematical  treatment  of  the 
observations  and  results  is 
generally  correct.  The  data 
are  analyzed  but  some  errors 
or  inaccuracies  exist. 


The  student  lists  the  formula,  uses  an  appropriate  averaging  technique,  and  states  the  correct 
units.  The  student  receives  a 3 instead  of  a 4 for  analysis  because  the  answer  for  average 
velocity  of  4.35  m/s  uses  inappropriate  significant  digits.  In  assigning  a mark,  the  work  at  the 
bottom  of  the  page  is  ignored  because  the  student  states  a solution  of  4.35  m/s  not  8.70  m/s  in 
the  solution  to  the  problem. 


Commentary 


Continued 
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Student  Examples 
Dart  Gun 


ASSESSMENT 

MATERIALS 


Solution 


Scoring  Criteria 


4 

A solution  to  the  problem  is 
given,  using  appropriate 
scientific  conventions  of 
significant  digits  and  units 
where  appropriate.  The 
solution  is  thoroughly 
supported  by  the  analysis. 
The  evaluation  of  the 
solution  is  properly  made  in 
terms  of  the  behevability  of 
the  solution  and  any  errors  in 
the  procedure. 


Recall  this  information  as  you  provide  your  solution  to  the  problem. 


Context 

Toy  manufacturers  must  always  be  safety-conscious  when  designing  toys. 
This  is  especially  true  for  toys  like  dart  guns.  As  a physics  consultant, 
your  job  is  to  accurately  measure  the  speed  at  which  the  dart  leaves  the 
gun. 

Problem 

Determine  as  accurately  as  possible  the  speed  at  which  the  dart  leaves  the 
gun. 


Solution  to  the  Problem  Score 


Commentary 


The  Student  provides  a solution  that  is  supported  by  the  analysis.  The  evaluation  is  present  and 
includes  possible  sources  of  error  and  a description  of  the  connection  between  dart  speed  and 
safety. 


Summary  Comment 

The  student’s  work  is  well  organized,  concise,  and  very  easy  to  read  and  understand.  It  is  evident 
that  the  student  understands  the  problem  and  has  designed  a practical  experiment  that  can  be 
performed  in  the  classroom.  Formulas,  substitution,  and  correct  conventional  procedures  are  always 
listed  in  the  student’s  responses.  The  student  also  attempts  to  apply  physics  to  the  real  world  by 
relating  the  force  of  the  dart  to  a slap  in  the  face. 
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Student  Examples 
Dart  Gun 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Student  Example  2 

This  response  would  receive  a score  of  12  out  of  16. 

Procedure 


Scoring  Criteria 


The  problem  is  well 
understood.  An 
appropriate  and  practical 
procedure  is  presented,  but 
the  data  to  be  collected  would 
be  insufficient  to  solve  the 
problem.  Any  omissions  or 
errors  in  the  sequence  affect 
the  validity  of  the  data  to  be 
collected. 


You  may  find  it  heJpfid  to  ident^  Ae  important  variables  before  providing  your  procedure. 


Manipulated  (independent)  variable  j-f  er/tJf  feWt*. 

Responding  (dqxndent)  variable  crrt^ 

Controlled variable(s)  L*  <Uc(- 


Procedure 


■0 


(/V\C 


Score 

✓i.  •»*<». 


Cl  I I 


//cf  +0  ^w«A  « y 


Oc.f<^ 

A /V...  w...;  ^• 

]ZT  Us«  cUfooin^j  «<'/  /irceit-y 


Commentary 

The  procedure  is  presented  in  a practical  sequence  that  can  be  easily  understood.  The  student 
identifies  two  controls  of  a constant  height  of  1 .5  m from  which  the  dart  is  fired  and  a constant  force 
that  is  applied  to  the  dart  gun.  The  two  variables  of  time  and  distance  to  be  measured  are  indicated  in 
steps  3 and  4.  The  student  loses  one  mark  because  multiple  trials  have  not  been  indicated.  Multiple 
tri^s  are  necessary  for  sufficient  data  collection. 


Continued 
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Student  Examples 
Dart  Gun 


Observations 


j'j;  CLASSROOM 
s'  H'Ss"  ASSESSMENT 
MATERIALS 


Scoring  Criteria 


3 


Observations 


Score 


The  data  gathered  are 
mostly  consistent  with  the 
procedure.  The 
observations  and  results  are 
mostly  complete:  they 
may  contain  omissions  or 
errors,  but  the  problem  is 
still  solvable.  Scientific 
conventions  of 
communication  are  used. 


Tnal 

Number 

7r./v^  ( s ) 

0 

‘ 

in 

l.coi 

2 

0^1 

3 

Commentary 

Although  the  procedure  does  not  specify  multiple  trials,  the  student  records  data  for  multiple  trials 
with  the  appropriate  units  for  time  and  ^stance.  The  student  receives  a 3 instead  of  a 4 because  of 
an  error  in  precision,  too  many  decimals,  in  recording  distance. 


Continued 
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Student  Examples 
Dart  Gun 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Analysis 

Scoring  Criteria 

Analysis 

j- 

3 

Tuo ' 

The  analysis  is  mostly 
organized  and  mostly 
understood.  The 
mathematical  treatment  of  the 
observations  and  results  is 
generally  correct.  The  data 
are  analyzed,  but  some  errors 
or  inaccuracies  exist. 

f. 

■ O-Us 

T'fi.) 

, j 

■ %Tir 

VrU^)  r (/;^  * l/., 

3 

1 

‘j.  = ir)'o=l3(,T 

Commentary 

The  student  analyzes  the  data  in  a well-organized  manner  by  providing  a formula,  correct 
calculations,  an  appropriate  averaging  technique,  and  correct  units.  The  student  is  awarded  a 3 
instead  of  a 4 because  the  scientific  convention  of  significant  digits  is  applied  incorrectly  in  the 
answer  of  9.215910926  m/s. 

Continued 
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Student  Examples 
Dart  Gun 


Solution 


Scoring  Criteria 


Recall  this  ttformation  as  you  provide  your  solution  to  die  problem. 


Context 

Toy  mamifactmcrs  must  always  be  safety-cooscious  when  designing  toys. 
This  is  especially  true  for  toys  like  dart  guns.  As  a {diysics  consultant, 
your  job  is  to  accurately  measuie  the  sp^  at  which  the  dart  leaves  the 
gun. 

Problem 

Determine  as  accurately  as  possible  die  speed  at  udiidi  die  dart  leaves  the 
gun. 


Solution  to  the  Problem  Score 


A solution  to  the  problem 
is  given  that  is  generally 
supported  by  the  analysis 
The  evaluation  of  the 
solution  is  poorly  made. 


len>irtj  "fu*  fiuvi 
^ree\  ^ 


Cl)  etort’f  ,rclc>^\e.  4<  ^Cn^trt^t>>P 

fcv\cvy 


'/^^y  Ul^  ^ <.ryori  U#M 

l/V*  KV 

CXi^  'V\  (U^4  Uc^A. 


Jr^fh 


Commentary 

The  Student  provides  a solution  that  is  supported  by  the  analysis.  A list  of  four  sources  of  error  is 
provided  to  indicate  why  the  final  solution  may  not  be  entirely  valid.  The  evaluation  of  the 
solution  is  weak  because  the  speed  of  the  dart  has  not  been  related  to  real-hfe  speeds  in  terms 
of  believability. 
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Student  Examples 
Dart  Gun 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Student  Example  3 


This  response  would  receive  a score  of  9 out  of  16. 


Procedure 

Scoring  Criteria 

You  may  find  it  helpful  to  identify  the  important  variables  before  providing  your  procedure. 

2 

Mannnilated  (indcDendenU  variable  ^ i«sVoirx»C 
Resrxmdine  tdeDendenU  variable  ~L*  nr,«-  ^ 

Controlled  variableCsi  V'e.\oc.i^ 

The  problem  is  understood. 
A practical  procedure,  with 
major  omissions  or  errors, 
that  could  be  followed  only 
by  someone  who  knew  what 
was  being  looked  for  is 
presented.  The  data  to  be 
collected  may  be  too 
inaccurate  to  solve  the 
problem. 

Procedure  Score 

:i:iO  ^AOT  -^VAE  g,uk 

Commentary 


The  Student  understands  that  measuring  distance  and  time  are  needed  to  solve  the  problem.  In  step 
in,  the  student  indicates  that  the  trial  is  timed,  and  a distance  is  measured  in  step  IV.  The  major 
omissions  of  when  to  stop  timing  and  which  distance  (vertical  or  horizontal)  to  measure  make  this  a 
procedure  that  could  only  be  followed  by  someone  who  knows  what  is  being  looked  for  as  a final 
result.  There  is  no  indication  of  multiple  trials,  and  there  is  no  indication  of  appropriate  controls. 

Continued 
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CLASSROOM 

ssessment 

' MATERIALS 


Observations 


Scoring  Criteria 


Observations 


Score 


2 

The  data  gathered  relate  to 
the  procedure.  The 
observations  and  results  are 
incomplete,  and  it  is  likely 
that  the  problem  cannot  be 
solved  with  these  results. 
The  use  of  scientific 
conventions  of 
communication  is 
inconsistently  followed. 


Trial 

Number 

1 

2 

'L  Mo**\ 

3 

^ ^ So 

- ^ 

, \ lo  <1,) 

kr 


o> 

0-  o 


2-*3»v«vVfc, 


Commentary 

The  Student  shows  multiple  trials.  Distance  and  time  data  are  indicated.  The  student  has  unrealistic 
travelling  distances  of  30  m,  40  m,  and  50  m.  The  student’s  units  for  time  are  inconsistent  (minutes 
and  seconds). 

Continued 
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CLASSROOM 
' . ASSESSMENT 

::;ii  MATERIALS 


Analysis 


Scoring  Criteria 


Analysis 


Score 


3 

The  analysis  is  mostly 
organized  and  mostly 
understood.  The 
mathematical  treatment  of 
the  observations  and  results 
is  generally  correct.  The 
data  are  aniyzed,  but  some 
errors  or  inaccuracies  exist. 


Commentary 

The  analysis  appears  both  under  observations  and  the  solution  to  problem.  The  velocity  formula 
and  calculation  of  25  m/s  appears  under  observations.  The  rest  of  the  calculations  appear  under 
solution  to  the  problem.  The  velocities  are  consistent  with  the  data  for  each  trial.  The  student  has 
used  correct  units  and  significant  digits  in  all  calculations.  The  student  does  not  show  a form  of 
averaging  to  determine  the  average  speed  of  the  projectile. 
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Solution 


Recall  this  information  as  you  provide  your  solution  to  the  problem. 


Scoring  Criteria 


Context 

Toy  manufacturers  must  always  be  safety-conscious  when  designing  toys. 
This  is  especially  true  for  toys  like  dart  guns.  As  a physics  consultant, 
your  job  is  to  accurately  measure  the  sp^  at  which  the  dart  leaves  die 
gun. 

Problem 

Determine  as  accurately  as  possible  the  speed  at  which  the  dart  leaves  the 
gun. 


Solution  to  the  Problem 


Score 


2 

A solution  to  the  problem 
is  given  that  is  generally 
supported  by  the  analysis. 
Evaluation  of  the  solution 
is  ignored. 


— aoir»a 

rols 

V' e ^ 1 1,  . - -Qj!)  Vv-\.€s«\ 


--  M 1 vtt.  \ e. 


, <2>2.  OwTemc^4a.  -ilpeea  -d  unhlc-h  -\he,  dcxa- ^ 

3‘ 


\ OCKves.  - ) K e omo 


Commentary 


The  solution  starts  where  the  therefore  symbol  (.'.)  appears.  The  student’s  answer  is  consistent 
with  data  from  the  analysis.  The  student  uses  correct  significant  digits  and  units  in  the  answer.  The 
student  does  not  describe  any  sources  of  error  and  does  not  relate  the  solution  to  the  context  of  the 
question,  thus  the  evaluation  of  the  solution  is  ignored. 


Summary  Comment 

This  Student  can  generate  distance/time  data  and  use  it  to  calculate  speed  quantities  required  by  the 
task.  The  student  has  difficulty  extending  procedures  to  account  for  variables  in  problem  solving. 
The  student  did  not  make  connections  between  the  speed  of  the  projectile  and  its  impact  on  children 
and  society  in  general.  It  is  also  difficult  for  the  student  to  identify  sources  of  error  in  the 
procedure  performed  in  the  task. 
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Student  Example  4 

This  response  would  receive  a score  of  5 out  of  16. 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Procedure 


Scoring  Criteria 

1 


You  may  find  it  helpful  to  identify  the  important  variables  before  providing  your  procedure. 


Manipulated  (independent)  variable  

Responding  (dependent)  variable 
j Controlled  variablefs>0\QS^t-\  )M 


rtiiiaL 


The  problem  is  poorly 
understood.  The 
procedure  is  incomplete 
and  the  method  used  to 
obtain  the  data  is 
inappropriate.  Sufficient 
description  is  provided  that 
the  marker  can  infer  that  the 
data,  if  collected,  could  have 
been  used  to  solve  the 
problem. 


Quf  y)n  On  cM  ^qamaju 

^ dh!  (MPt  Onih^  -Hn-e  ond 

(jf3rlr  Qdd6V7c/^  ontri  (Estops,  z 

-^S}^  mcDRicaj  ^ -{be  cbrf  tei,(6ls 

^ 6'stances.- 


cr*f 


Commentary 

The  Student  understands  that  a distance  measurement  is  required  to  solve  the  problem,  but  shows 
poor  understanding  because  no  time  measurements  are  made  and  the  effects  of  friction  would 
result  in  decelerated,  not  uniform,  motion.  If  the  student  had  fired  the  gun  at  any  fixed  height  above 
the  floor  and  measured  time,  then  this  procedure  would  generate  data  that  could  be  used  to  solve 
the  problem. 


Continued 
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Observations 


Scoring  Criteria 


Observations 


2 


The  data  gathered  relate  to 
the  procedure.  The 
observations  and  results  are 
incomplete,  and  it  is  likely 
that  the  problem  cannot  be 
solved  with  these  results. 
The  use  of  scientific 
conventions  of 
communication  is 
inconsistently  followed. 


Trial 

Number 

1 

z.ll 

2 

3 

fw<^e 

Score 


Commentary 

The  data  clearly  relate  to  the  distance  measurements  from  the  procedure.  The  problem  of  finding 
the  speed  cannot  be  accomplished  with  these  observations.  Although  scientific  conventions  of 
units,  precision,  table  headings,  are  consistently  followed,  this  remains  a 2 because  the  results  are 
incomplete. 
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Analysis 


Scoring  Criteria 


Analysis 


1 

The  analysis  is 
disorganized.  The 
mathematical  treatment  is 

incomplete  and  inaccurate. 


Commentary 


Score 


The  analysis  is  recorded  under  the  observations.  The  student  correctly  calculates  the  average 
distance;  however,  the  absence  of  formulas  makes  the  mathematical  treatment  incomplete. 


Solution 


Scoring  Criteria 


1 

A solution  to  the  problem 
is  given,  but  is  not 
supported  by  the 
analysis.  Evaluation  of 
the  solution  is  missing. 


Recall  this  information  as  you  provide  your  solution  to  the  problem. 


Context 

Toy  manufacturers  must  always  be  safety-conscious  when  designing  toys. 
This  is  especially  true  for  toys  like  dart  guns.  As  a physics  consultant, 
your  job  is  to  accurately  measure  the  spe^  at  which  the  dart  leaves  the 
gun. 

Problem 

Determine  as  accurately  as  possible  the  speed  at  which  the  dart  leaves  the 
gun. 


Solution  to  the  Problem  Score 

The  doffe  onW  -fenoare  a 

. \ tri«i  « 

'part  d-  eitfOTirnert,  Voat  \flQD3U6€  go 

ca  11^  d>^rC3i 

-W'oie.Tha  M <^fSunO  Odiie 

te9l(5^  -Ihe 


Commentary 

This  student’s  experimental  design  is  such  that  the  student  is  unable  to  solve  the  problem.  This 
solution  to  the  problem  receives  one  mark  because  the  student  identifies  sources  of  error  that 
affected  the  activity. 
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CLASSROOM 
ASSESSMENT 
''  MATERIALS 


Performance  Task  1 ^Geological  Survey 


The  task  as  it  appears  in  the  Student  Booklet: 


Context 

Geo-Co  of  Alberta  is  a small  company  involved  in  locating  natural  resources  in  Alberta.  Although  it  uses 
ultrasound  to  pinpoint  mineral  and  oil  deposits,  the  ultrasound  machinery  is  expensive  to  transport  and 
maintain.  As  a physics  consultant,  you  tell  the  board  of  Geo-Co  that  you  know  of  a less  expensive  way  to  get 
the  general  locations  of  mineral  and  oil  deposits,  which  they  can  then  pinpoint  with  the  ultrasound  equipment. 
You  explain  to  them  that  mineral  deposits  cause  an  increase  in  the  gravitational  field  while  an  oil  deposit 
causes  a decrease.  The  board  of  Geo-Co  approves  this  method  for  the  generalized  locating  of  natural  resources. 

Problem 

Based  on  the  gravitational  field  intensity,  determine  what  the  ultrasound  machinery  would  show  if  Geo-Co 
brought  it  to  where  you  are  right  now. 

Materials 

You  may  use  some  or  all  of  the  following. 

• string 

• scissors 

• spring 

• ruler 

• stopwatch 

• graph  paper 

• set  of  masses 

Instructions 

You  have  20-30  minutes  to  design  and  use  a procedure  to  solve  the  problem. 

• Describe  your  procedure. 

• Communicate  your  observations. 

• Analyze  your  results.  Include  all  necessary  calculations,  graphs,  etc.,  to  solve  the  problem. 

• Solve  the  problem  and  evaluate  your  solution. 

• Remember  that  your  work  will  be  scored  for  procedure,  observations,  analysis,  and  solution  to  the  problem. 

Before  leaving  this  station,  put  all  items  of  equipment  back  where  you  found  them.  Leave  the  station  as  it 
was  when  you  arrived. 


• 100  ml  burette 

• burette  stand 

• funnel 

• beaker 

• water 

• tin  pie-plate 
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CLASSROOM 
ASSESSMENT 
iS  MATERIALS 

General  Trends 

This  task  was  handled  well  by  all  students.  Often  the  range  of  equipment  provided  did  not  distract 
the  student.  Most  students  recognized  that  a pendulum  is  an  easy  way  to  determine  gravitational 
field  intensity. 

To  receive  a four  in  the  solution  to  the  problem  the  student  response  is  expected  to  include  a 
statement  of  the  gravitational  field  intensity  determined,  a comparison  to  flg  = 9.81  m/s^  and  a 
comment  identifying  mineral  or  oil  deposits.  In  this  task,  as  well  as  in  Building  a Flashlight,  error 
descriptions  are  not  necessary  because  the  student  is  being  asked  to  make  a supported  judgement 
based  on  experimental  results. 

Minor  changes  have  been  made  to  the  problem  statement  in  response  to  comments  from 
the  pilot  teachers. 
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Student  Example  1 

This  response  would  receive  a score  of  14  out  of  16. 


Procedure 

Scoring  Criteria 

You  may  find  it  helpfid  to  ident^  die  important  variables  before  providing  your  procedure. 

Maninulaled  tindcoendenO  variable  aV 

ResDondine  ('deDendentl  variable  ^ ^ 

Controlled  variabletsl 

4 

Procedure  Score 

The  problem  is  thoroughly 
understood.  An 
appropriate  and  practical 
procedure  is  presented  in  a 
clear  sequence.  The  data  to 
be  collected  would  be 
accurate  and  would  solve 
the  problem.  Any 
omissions  or  inconsistencies 
do  not  hinder  the 
communication  of  the 
procedure. 

5c'is>trv,  \ 54'.  r' 

0-  '€  e Vv>c  i-e 

V.c  ^ ^.-c\ 

CcUA\^r  ^r*  . ^ 

H’iVuU  we.-.r^V  \>c,clv  bo  ‘A  Ti 

?Va\<«  >U?  , 'T'.  rrvfc  VouO  \q  'A  ^ 

re'\^<>se  \aj€,'<<^\  ^'nV'.\  ,'4_ 

•,-VC  ^y^rV.rCr  pct^ir^oo,  0 1 

^ tiro  y- WtrV.r^*^  a-'<^  u- «*(5.  r.v>'.p,d 

The  student  thoroughly  understands  the  problem  and  presents  an  appropriate  and  practical 
procedure— the  use  of  a pendulum.  The  student’s  procedure  is  clear  and  concise.  In  step  5,  the 
student  measures  one  period  of  the  pendulum,  and  in  step  6,  the  repetition  addresses  the  accuracy  of 
the  observations. 

Continued 
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: CLASSROOM 

ASSESSMENT 
S MATERIALS 


Observations 


Scoring  Criteria 


Observations 


Score 


4 

The  data  gathered  are 
consistent  with  the 
procedure.  The 
observations  and  results  are 
complete.  They  are  clearly 
and  logically  recorded. 
The  observations 
communicate  multiple  trials, 
where  appropriate,  to  solve 
the  problem.  Correct 
scientific  conventions  of 
communication  are  evident 
in  precision  of 
measurements  and  units. 


Tiial 

Number 

1 

l.Og) 

\o.c 

2 

\>  o-^ 

we 

3 

\.  o\ 

o.naY- 


c-ojfei  - 


<5.CiCT-- 
'r -li.c 


\ o,c 

U.4 

Ii.0_ 

\\i^\  r-V'^ 


Commentary 


The  Student  logically  and  clearly  organizes  the  data  in  a labelled  chart.  The  pendulum  length  is 
recorded  beside  the  observation  chart.  Correct  scientific  conventions  in  the  precision  of  the 
measurements  and  the  units  are  present.  The  calculations  present  and  the  “g  value”  column  are  part 
of  the  analysis  and  will  be  marked  when  the  analysis  is  evaluated. 
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ASSESSMENT 

MATERIALS 


Analysis 


Scoring  Criteria 


Analysis 


Score 


3 


hc<r<^i  1 


The  analysis  is  mostly 
organized  and  mostly 
understood.  The 
mathematical  treatment  of  the 
observations  and  results  is 
generally  correct.  The  data 
are  analyzed,  but  some  errors 
or  inaccuracies  exist. 


The  analysis,  as  done  under  the  observation  chart,  is  well  organized.  The  student  states  and  uses  the 
formula  for  calculating  the  gravitational  field  intensity.  However,  the  averaging  method  is 
incomplete  because  of  the  missing  formula. 


Commentary 


Continued 
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Solution 


Scoring  Criteria 


3 

A solution  to  the  problem 
is  given  that  is  generally 
supported  by  the  analysis 
The  evaluation  of  the 
solution  is  poorly  made. 


Recall  this  information  as  you  provide  your  solution  to  the  problem. 


Context 

Geo-Co  of  Alberta  is  a »«nall  company  involved  in  locating  natural  resources  in 
Alberta.  Although  it  uses  ultrasound  to  pinpoint  mineral  and  oil  deposits,  the 
ultrasound  machinery  is  expmsive  to  tianspoit  and  maintain.  As  a physics 
mustiltant,  you  tell  the  board  of  Geo-Co  that  you  know  of  a less  expensive 
way  to  get  die  general  locations  of  mineral  and  oil  deposits,  which  they  can 
then  pinpoint  the  ultrasound  equipment  You  explain  to  them  that  mineral 

dqiosits  an  increase  in  the  gravitational  field  while  an  oil  deposit  causes  a 

decrease.  The  board  of  Geo-Co  q^ves  this  method  for  the  generalized 
locating  of  natural  resources. 

Problem 

Determine  what  the  ultrasound  madiineiy  would  show  if  Geo-Co  brought  it  to 
where  you  are  right  now. 


Solution  to  the  Problem  Score 

^ \\.l[  ^0 

u\i-TG  (3> 

VWe.  vr.'.(>c.n=\ 


Commentary 


The  student  provides  a solution  to  the  problem  supported  by  the  analysis.  The  evaluation  of  the 
solution  is  incomplete  because  the  comparison  of  1 1 .4  m/s  to  the  accepted  vedue  of  g is  not  made. 
However,  the  student  draws  the  logical  conclusion  that  mineral  deposits  are  present.  The  solution  to 
the  problem  does  not  need  to  address  sources  of  error  because  the  student  is  asked  to  make  a 
generalization  rather  than  provide  a numerical  value. 


Summary  Comment 

The  Student  clearly  understands  the  problem  and  is  able  to  design  an  appropriate  and  practical 
experiment.  The  student  demonstrates  knowledge  of  physics  and  scientific  skills.  This  student  is 
confident  in  applying  physics  and  drawing  conclusions  that  relate  to  the  real  world. 
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Student  Example  2 

This  response  would  receive  a score  of  12  out  of  16. 


Procedure 

Scoring  Criteria 

You  may  find  it  helpfid  to  identify  tite  important  variables  befitre  providing  your  procedure. 

ManroulatedfindeoendenO  variable 

Respondine  (deoendent)  variable  TVir.  A I 

t 

3 

ControUed  variable(s)3Ia^^  hsijh-P 

The  problem  is  well 
understood.  An 
appropriate  and  practical 
procedure  is  presented,  but  the 
data  to  be  collected  would  be 
insufficient  to  solve  the 
problem.  Any  omissions  or 
errors  in  the  sequence  affect 
the  validity  of  the  data  to  be 
collected. 

Procedure  Score 

0 1 -,e  CN  -to  eoA  Of^  C. 

^ Do  3>  4icc\^  fU 

Commentary 

The  Student  shows  an  understanding  of  the  problem  by  identifying  the  use  of  a pendulum.  In 
step  3,  the  student  addresses  the  validity  of  the  data  by  indicating  multiple  trials.  The  data  is 
insufficient  to  solve  the  problem  because  the  length  of  the  pendulum  is  not  measured. 


fL 

C. 

It 


it 


it 

m. 

m. 


Continued 


Physics  20 


48 


Student  Examples 
Geological  Survey 


' CLASSROOM 

' . ASSESSMENT 

iS  MATERIALS 


Observations 


Scoring  Criteria 


Observations 


Scoi»>. 


3 

The  data  gathered  are 
mostly  consistent  with  the 
procedure.  The  observations 
and  results  are  mostly 
complete:  they  may  contain 
omissions  or  errors,  but  the 
problem  is  still  solvable. 
Scientific  conventions  of 
communication  are  used. 


Trial 

Number 

1 

\,Zl 

2 

IvK 

3 

\s-L\ 

\.m 

•9^  dockin' 


Commentary 


The  data  presented  in  the  data  chart  is  consistent  with  the  procedure.  The  student  indicates  that  the 
pendulum  length  is  fixed  at  1.21  units.  The  student  is  awarded  a 3 instead  of  a 4 because  correct 
scientific  convention  is  not  used.  The  units  for  the  length  of  the  pendulum  are  not  provided. 


Continued 
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; ' CLASSROOM 
ASSESSMENT 


MATERIALS 


Analysis 


Scoring  Criteria 


The  analysis  has  some  level  of 
organization  and  shows 
some  understanding.  The 
mathematical  treatment  of  the 
observations  and  results  is 
only  partially  correct.  The 
cedculations  may  be  inaccurate 
for  the  observations  obtained. 


ft 

ft 


Analysis 


Score. 


3 

^-2  ' ~7 


5- 


ft 

ft 

ft 

•r 

ft 


^Vof>r>  prc.\iic0& 

SKooU  be  oxojr',4 


l^ooiAj'cAac. 

o 
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ft 

ft 


Commentary 


The  Student  identifies  the  equation  needed  to  solve  for  acceleration  due  to  gravity  and  makes  the 
appropriate  calculation.  Although  the  average  time  is  stated  in  the  observation  chart,  the  student 
has  not  shown  the  appropriate  averaging  technique.  The  student  states  too  many  significant  digits 
in  the  final  answer  and  thus  is  awarded  a 2 instead  of  a 3. 


ft 

ft 


ft 

ft 


Continued 
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CLASSROOM 

ASSESSMENT 

MATERIALS 


Solution 


Scoring  Criteria 


Recall  this  information  as  you  provide  your  solution  to  the  problem. 


4 

A solution  to  the  problem 
is  given,  using  appropriate 
scientific  conventions  of 
significant  digits  and  units 
where  appropriate.  The 
solution  is  thoroughly 
supported  by  the  analysis. 
The  evaluation  of  the 
solution  is  properly  made 
in  terms  of  the  believability 
of  the  solution  and  any 
errors  in  the  procedure. 


Context 

Geo-Co  of  Alberta  is  a mnall  company  involved  in  locating  natural  resources  in 
Alberta.  Althou^  it  uses  ultrasound  to  pinpoint  mineral  and  oil  deposits,  the 
ultrasound  machinery  is  expensive  to  transport  and  maintain.  As  a physics 
consultant,  you  tell  tire  board  of  Geo-Co  that  you  know  of  a less  expensive 
way  to  get  the  general  locations  of  mineral  and  oil  depoats,  which  they  cot 
then  pinpoint  with  the  ultrasound  equipment  You  explain  to  them  that  mineral 
deposits  cauMjm  increase  in  tfae.gravitational  field  while  an  oil  deposit  causes  a 
decrease.  The  BMud  ofGeo-Co  ap^ves  this  naethod  for  the  generalized 
ISci^of  natural  resources. 

Problem 

Detenrune  what  the  ultrasound  machinery  would  show  if  Geo-Co  brought  it  to 
where  you  are  right  now. 


Solution  to  the  Problem 


here  ^->qo 

\ rirtcJt  \oxge- 

9>»r»CL.  HelA  b>€<2o 


i \Crsocis  'fbod”  T-b 


^ a fo-t- 


Commentary 

The  Student  provides  a solution  that  is  consistent  with  the  analysis  and  compares  the  experimental 
value  for  the  acceleration  due  to  gravity  with  the  accepted  value.  The  student  indicates 
specifically  that  because  the  obtained  acceleration  due  to  gravity  is  greater  than  the  accepted  value  by 
1 .66  m/s^,  the  deposit  beneath  would  contain  minerals.  Since  the  student  is  asked  to  provide  a non- 
numeric solution,  it  is  unnecessary  to  address  sources  of  error. 
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CLASSROOM 

ASSESSMENT 


MATERIALS 


Student  Example  3 

This  response  would  receive  a score  of  6 out  of  16. 


Procedure 


Scoring  Criteria 


1 


The  problem  is  poorly 
understood.  The 
procedure  is  incomplete 
and  the  method  used  to 
obtain  the  data  is 
inappropriate.  Sufficient 
description  is  provided  that 
the  marker  can  infer  that  the 
data,  if  collected,  could  have 
been  used  to  solve  the 
problem. 


Commentary 

The  Student  recognizes  that  a pendulum  can  be  used  to  determine  the  g value.  The  procedure  is 
incomplete  and  ^1  information  about  the  pendulum  must  be  inferred.  The  student  does  not  state  the 
need  for  multiple  trials,  controlling  variables,  measuring  pendulum  length,  or  determining  period. 
The  student  also  shows  confusion  between  the  gravitational  field  intensity,  g,  and  the  force  of 
gravity,  Fg. 


You  may  find  it  helpfid  to  ident^  the  important  variables  before  providing  yourj^rocedure. 

Manipulated  (independent)  variable  

Responding  (dependent)  vaiiable  

ContiDlled  variable(s) 

Procedure  Score 


ro 


m. 

&L 


m. 


m. 

m. 

m, 

m. 

m. 

m. 

m. 


&L 

St 


m 

St 


Continued 


m 

§i 


m 

m 

m 
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Student  Examples 
Geological  Survey 


CLASSROOM 
; ASSESSMENT 
MATERIALS 


Observations 


Scoring  Criteria 


3 

The  data  gathered  are  mostly 
consistent  with  the 
procedure.  The  observations 
and  results  are  mostly 
complete:  they  may  contain 
omissions  or  errors,  but  the 
problem  is  still  solvable. 
Scientific  conventions  of 
communication  are  used. 


Observations 


Tnal 

Number 

1 , 

y vG(i<t 

1 

I'S 

Ws 

SlcAs 

SO 

2 

I'M 

SI  CA.  ' 

lOD 

3 

Si  Ct\  \ 

ISO 

Score 


Commentary 


The  Student  provides  data  that  are  consistent  with  what  is  implied  in  the  procedure.  Multiple  trial 
data  are  provided.  The  student  provides  all  necessary  units  (mass  is  not  required)  but  has 
inconsistencies  in  the  precision  of  the  time  observations. 


Continued 
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Student  Examples 
Geological  Survey 


li 

; -5  CLASSROOM 
ASSESSMENT 
s MATERIALS 


Analysis 


Scoring  Criteria 


Analysis 


Score 

3 - 10.0  ./s' 


1 


The  analysis  is  disorganized 
The  mathematical  treatment  is 

incomplete  and  inaccurate. 


Commentary 


The  Student  correctly  states  the  average  period  in  the  observation  chart  but  does  not  show  the 
averaging  technique  used.  In  the  analysis,  the  student  states  a valid  formula  but  makes  errors  in  the 
algebraic  manipulation  and  shows  no  substitution  of  values.  The  stated  solution,  10.0  m/s^,  is 
inconsistent  with  the  data  collected,  which  yields  20.3  m/s^. 


m. 


WL 

u. 

9L 

m. 


mL 


m 
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Student  Examples 
Geological  Survey 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Solution 


Scoring  Criteria 


Recall  this  b^cnmation  as  you  provide  your  solution  to  the  problem. 


1 


A solution  to  the  problem 
is  given,  but  is  not 
supported  by  the  analysis. 
Evaluation  of  the  solution 
is  missing. 


Context 

Geo-Co  of  Alberta  is  a small  canq»ny  involved  in  locating  natural  tesouices  in 
Alberta.  Although  it  uses  ultrasound  to  pinpoint  minetal  and  oil  deposits,  the 
ultrasound  machniery  is  expensive  to  transport  and  maintain  Asaphysics 
consultant,  you  tell  the  board  of  Geo-Co  that  you  know  of  a less  expensive 
way  to  get  the  general  locations  of  mineral  and  oil  deposits,  which  they  can 
then  phqwintwidi  the  uhiasoundeqpiipmenL  You  est^lain  to  diem  that  mineral 
dqxisits  canse  an  increase  in  the  gravitational  field  while  an  oil  deposit  causes  a 
decrease.  Hie  board  of  Geo-Co  approves  this  method  for  the  generalized 
locating  of  natural  resources. 

Problem 

Determine  what  die  ultrasound  machinay  would  show  if  Geo-Co  brou^t  it  to 
where  you  are  right  now. 


Solution  to  the  Problem  Score 

Vl-t  A f toper  A/>i 

oi'S^  c^-e  c4  -to  3-lOfl, 


( \v:s 


S Ni  ^0 


Commentary 

The  student  provides  an  answer  that  relates  to  the  analysis  but  that  lacks  units  and  support.  The 
student  does  not  make  the  connection  between  the  higher  g value  and  the  possibility  of  mineral 
deposits. 
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Student  Examples 
Geological  Survey 


CLASSROOM 

ASSESSMENT 


Performance  Task  2— Building  a Flashlight 


The  task  as  it  appears  in  the  Student  Booklet: 


Context 

You  are  looking  for  a part-time  job  and  have  applied  at  Bright  Lights,  a flashhght  manufacturing  company. 

As  part  of  the  interview  for  the  job,  the  president  of  the  company  tells  you  that  concave  mirrors  are  used  to 
make  flashlights.  Then  she  hands  you  a concave  mirror  and  asks  if  it  would  be  a good  mirror  for  a flashhght. 
Your  chances  for  the  job  will  depend  upon  your  answer. 

Problem 

Determine  quantitatively  whether  this  mirror  will  make  a good  flashlight. 

Materials 

You  may  use  some  or  all  of  the  following: 

• concave  mirror 

• ruler 

• light  bulb  (small)  & energy  source,  or  candle  & matches 

• cardboard  sheet 

• 3 pushpins 

• metre  stick 

• plasticene 

Instructions 

You  have  20-30  minutes  to  design  and  use  a procedure  to  solve  the  problem. 

• Describe  your  procedure. 

• Communicate  your  observations. 

• Analyze  your  results.  Include  ah  necessary  calculations,  graphs,  etc.,  to  solve  the  problem. 

• Solve  the  problem  and  evaluate  your  solution. 

• Remember  that  your  work  will  be  scored  for  procedure,  observations,  analysis,  and  solution  to  the  problem. 

Before  leaving  this  station,  put  all  items  of  equipment  back  where  you  found  them.  Leave  the  station  as  it 
was  when  you  arrived. 


ft 


ft 

ft 


ft 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 


ft 

ft 


ft 


ft 
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Student  Examples 
Building  a Flashlight 


General  Trends 


k 


CLASSROOM 

ASSESSMENT 

MATERIALS 


This  task  was  handled  well  by  students  at  all  levels  if  optics  had  been  covered  in  the  course  work. 

The  biggest  potential  pitfall  is  in  the  analysis  section  of  this  task,  in  the  averaging  techniques  students 
choose.  The  student  who  places  the  light  source  at  three  different  locations  d^^  and 

measures  the  corresponding  locations  of  the  clearest  reflection  {d-^^ , d-^^,  d-^^  must  determine  a focal 
length  for  each  pair  (/i,/2,/3)  and  then  average  the  focal  lengths  =/j  4-/2  4-/3  /3).  A common 
error  is  to  find  the  average  of  the  object  location,  the  image  location,  and  then  do  a single  focal  length 
calculation.  This  is  unacceptable.  The  formula  relating  d^,  d^,  and/  is  j = ^ • Because  the 

variables  are  not  directly  proportional,  and  because  a graph  of  d^  versus  Jq  is  non-linear,  the  valid  way 
of  calculating  an  average  focal  length  is  to  calculate  an  experimetal  result  for  each  triad  and  then 
average  the  results.  However,  if  the  student  controls  the  object  distance  and  makes  several 
measurements  of  the  image  distance,  a single  focal  length  calculation  using  the  averaged  image 
distance  would  be  valid. 

An  interesting  variation  is  the  non-mathematical  approach.  A student  may  choose  to  find  the  focal 
length  by  moving  the  light  source  along  the  axis  of  the  mirror.  Since  light  at  the  focal  point  is 
reflected  back  parallel  to  the  axis  of  the  mirror,  the  image  on  a screen  far  away  will  be  clearest  when 
the  object  is  exactly  at  the  focal  point.  The  student  who  locates  this  position,  and  then  measures  the 
focal  point  may  receive  full  marks  throughout. 

To  receive  a score  of  four  in  the  solution  section  the  student  needs  to  state  the  focal  length 
determined  and  needs  to  relate  that  to  the  size  of  the  resulting  flashlight.  For  example,  in  real  world 
terms,  a bulb  at  a 7 cm  focal  length  makes  a flashlight  that  is  as  long  as  your  forearm.  That  is  too 
big.  This  mirror  is  no  good.  Error  comments  may  or  may  not  be  necessary  depending  on  the 
experimental  design. 
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Student  Examples 
Building  a Rashlight 


1^1  C L A 

^ A S S 


S S R O O M 


E S S M E N T 


A T E R I A L S 


Student  Example  1 


This  response  would  receive  a score  of  13  out  of  16. 


Procedure 


m. 

m. 

ft 


Scoring  Criteria 


The  problem  is  thoroughly 
understood.  An 
appropriate  and  practical 
procedure  is  presented  in  a 
clear  sequence.  The  data  to 
be  collected  would  be 
accurate  and  would  solve 
the  problem.  Any  omissions 
or  inconsistencies  do  not 
hinder  the  communication  of 
the  procedure. 


You  may  find  it  helpful  to  identify  the  important  variables  b^ore  providing  your  procedure. 


Manipulated  (independent)  variable 
Responding  (dependent)  variable 


Controlled  variable(s)  f i 


Procedure 


Score 


ft 

ft 

ft 


CovTryp\jl^V  WjCXtJivivjS  or\  i .Tt  M '■€- 4'iOe/r) 

GV^y^ecV  iweir\V  ? 

^ pl^c-c  <3^ 

i^)lwcx_  v>>vrr,r  ^ 

(S)P\cj^  a.  \,\r  V(Vx- ^ 

'T^v'(ro<~ 

((5)  (q^vxsV  Clo^^V  va.'T'VAX  \W-  \rr\osj^  do 

VS  d^< 

lA)  (I-  vS  rVve-  cu>ncc^C 

v^v<ror  <u>cn^Vjl.V\  txu>  cd^rV 

(S)  oUkjLirvvxiy,  i<i5vv^-jl\JL 

(^C::»v-vCjCv»«_  T^vCror. 

(^)  fc>C8)  U.oV»|\  ^\\  CU-<^0O€T). 

Moc  t>f\'v<Tor  h> 


ft 

ft 


ft 

ft 

ft 

«r 

ft 

«r 


Qvlcuiak.  -jhLf>r(r\CipU. 


C<^SvAVs,. 


ft 

ft 


Commentary 


The  student  shows  a thorough  understanding  of  the  problem  by  providing  a practical  step-by-step 
procedure.  The  measurements  of  the  object  distance  and  image  distance  are  clearly  indicated  in  steps 
7 and  8.  The  accuracy  of  the  data  is  improved  by  the  multiple  trials. 


«r 

ft 

ft 
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Student  Examples 
Building  a Flashlight 


Observations 


CLASSROO: 

ASSESSME^ 

MATERIAL! 


Scoring  Criteria 


Observations 


Score ■ 


3 

The  data  gathered  are 
mostly  consistent  with  the 
procedure.  The  observations 
and  results  are  mostly 
complete:  they  may  contain 
omissions  or  errors,  but  the 
problem  is  still  solvable. 
Scientific  conventions  of 
communication  are  used. 


Itial 

Number 

Ob^-V 

f rr\ACj«_ 

1 

Wo  C\rr> 

2 

1 ^ C-VH-v 

^G>  C'D^ 

3 

(j)  d&.cA 

(.A)  - 


TW_  4VciJ-  voa-s. 

rco\  \r.OO'V-tc'.  iVvC  dpjcJ- 

10<I^  cAo^-r  ^ 4-Wt.  (vvvfror  4VvaV-’\(/vi.ipo«^ 

iW  . ,\\  . X _ _ - L..  I I W 


AV(s.i(\  Vw_ 


Commentary 

The  Student  presents  the  data  clearly  and  logically  in  the  form  of  a data  chart.  The  student 
receives  a 3 instead  of  a 4 because  of  errors  in  precision  in  both  columns  of  the  table  — 16  cm  and 
26  cm— and  for  missing  the  unit  on  38.3. 


Continued 
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Student  Examples 
Building  a Rashlight 


Analysis 


Scoring  Criteria 


The  analysis  is  mostly 
organized  and  mostly 
understood.  The 
mathematical  treatment  of 
the  observations  and  results 
is  generally  correct.  The 
data  are  analyzed,  but  some 
errors  or  inaccuracies  exist. 


_i-r  3 (-  i- 

-i-,  JL 


f R>  p, 

\ I I 


l^^iSa^r,  Z,^ocjm 

J-  . X 


r ^ \r  0 / <•  J I 


Scene. 


TrJ 


J-c-L  +J. 

A 

X.J-vl. 

f A>-  ?g.5. 

V 

^ n.  /cvn 
4:  - 


/r'isi.fs 

r - X'f- 1^' * ^X.bS'cin  *-2.bSS 
7a 


C(x>jc.  - '^-^>2  Cm 


Commentary 

The  analysis  is  well  organized  and  contains  an  appropriate  mathematical  treatment.  The  student  has 
an  incorrect  number  of  significant  digits  in  the  final  answer  of  24.8  cm.  From  the  observations,  this 
answer  should  have  only  two  significant  digits.  The  student  is  not  being  penalized  twice  as  a 
precision  error  in  the  observations  and  significant  digit  error  in  a calculation  are  two  separate  skills. 


Continued 
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Student  Examples 
Building  a Rashlight 


Solution 


Scoring  Criteria 

Recoil  tins  a^rmation  as  you  provide  your  solution  to  the  problem. 

Context 

3 

You  m looking  for  a patt-dnae  job  and  have  applied  at  Bright  IJghtg,  a 
flasi^gjit  mannfactnring  company.  As  part  of  the  mterview  for  the  job,  the 
pnesideot  of  the  company  tells  you  dial  concave  minors  are  used  to  wiaife 
flashli^ts.  Then  she  hfflds  yon  a concave  minor  and  asks  if  it  would  be  a 
good  mirror  for  a flashlight.  Ycrar  chances  for  die  job  will  depend  upon 
your  answer. 

Problem 

A solution  to  the  problem 
is  given,  that  is  generally 
supported  by  the  analysis. 
The  evaluation  of  the 

Detennine  quandtadvely  whether  this  minor  will  malfft  a good  flashlight. 

Solution  to  the  Problem  Score  ^ 

solution  is  poorly  made. 

'XA-Xcfi\  ■ T1ii&  a 

n^irror  uje^s  lar^ 

Commentary 


The  Student  provides  a quantitative  solution  to  the  problem  and  supports  it  with  the  result  in  the 
analysis.  The  student  makes  reference  to  the  focal  length  being  too  large  for  the  mirror  to  make  a 
good  flashlight.  It  is  left  to  the  marker  to  infer  the  location  of  the  bulb  in  relation  to  the  mirror  and 
how  big  a “larger  flashlight”  is.  The  evaluation  is  poorly  made  because  it  is  too  general. 


Summary  Comment 

The  Student  understands  the  problem,  presents  a weU-organized  procedure,  collects  data,  and  treats 
the  data  correctly.  The  student  provides  a valid  solution  to  the  problem  even  though  minor  details 
are  overlooked.  The  student  m^es  a weak  attempt  to  relate  the  solution  to  the  re^  world. 
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Student  Examples 
Building  a Flashlight 


CLASSROOM 


ASSESSMENT 

MATERIALS 


Student  Example  2 

This  response  would  receive  a score  of  13  out  of  16. 


Procedure 


Scoring  Criteria 


The  problem  is  thoroughly 
understood.  An 
appropriate  and  practical 
procedure  is  presented  in  a 
clear  sequence.  The  data  to 
be  collected  would  be 
accurate  and  would  solve 
the  problem.  Any 
omissions  or  inconsistencies 
do  not  hinder  the 
communication  of  the 
procedure. 


You  may  find  it  helpful  to  ident^  the  important  variables  before  providing  your  procedure. 


Manipulated  (independent)  variable  OilLirr 

Responding  (dependent)  variable  rt  

Controlled  variable(s)  D .aL  oF  .l-c  1- 


Procedure  Score 

..  fU 

i WJ 


u 


sUei  o.  ”“,  i (1,  L 

ike/ 

1.  I te/wer/>  7 , / 

St 


’ujetn 

ou 


Commentary 


The  Student  thoroughly  understands  the  problem  and  designs  an  appropriate  and  practical 
procedure.  A clear  sequence  with  concise  instructions  is  presented  by  the  student.  Measuring  the 
distance  between  the  mirror  and  the  candle  and  the  distance  between  the  mirror  and  the  cardboard 
sheet  will  provide  the  data  needed  to  solve  the  problem.  The  student  also  indicates  multiple  trials  to 
improve  the  accuracy  of  the  data. 


Continued 
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Student  Examples 
Building  a Rashlight 


m. 


5 CLASSROOM 

'assessment 

MATERIALS 


Observations 


Scoring  Criteria 


Observations 


3 


The  data  gathered  are 
mostly  consistent  with  the 
procedure.  The  observations 
and  results  are  mostly 
complete:  they  may  contain 
omissions  or  errors,  but  the 
problem  is  still  solvable. 
Scientific  conventions  of 
communication  are  used. 


Trial 

Number 

1 

2 

1 

3 

silo* 

Scorf 


Commentary 

The  Student  provides  data  consistent  with  the  procedure.  Column  headings  are  clear.  The  student 
uses  correct  units  but  has  used  insufficient  precision  in  the  distance  measurement.  Distances 
should  be  measured  to  the  nearest  tenth  of  a centimetre  with  this  procedure. 


Continued 
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Student  Examples 
Building  a Flashlight 


Analysis 


Scoring  Criteria 


The  analysis  is  mostly 
organized  and  mostly 
understood.  The 
mathematical  treatment  of 
the  observations  and 
results  is  generally 
correct.  The  data  are 
analyzed,  but  some  errors 
or  inaccuracies  exist. 


) .'3- 


I- 


/2.  if 


ViTt^ 


V- 


J?:- 


Commentary 

The  Student  clearly  organizes  the  analysis  by  showing  all  formulas,  substitutions,  and  final  answers 
with  correct  units.  An  averaging  technique  is  demonstrated,  but  the  student  has  incorrectly 
calculating  9.2  cm,  rather  than  the  correct  value  of  12  cm,  in  the  final  step. 


Continued 
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Student  Examples 
Building  a Rashlight 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Solution 


Scoring  Criteria 


Recall  this  irtfoTmation  as  you  provide  your  solution  to  the  problem. 


3 

A solution  to  the  problem 
is  given  that  is  generally 
supported  by  the  analysis 
The  evaluation  of  the 
solution  is  poorly  made. 


Context 

You  are  looking  for  a pait-time  job  and  have  applied  at  Bii^t  Lights,  a 
flashlight  manitfacturing  company.  As  part  of  fte  interview  for  ^ job,  the 
president  of  die  company  tells  you  that  concave  minors  are  used  to  make 
flashlights.  Thm  she  hands  you  a concave  mirror  and  asks  if  it  would  be  a 
good  minor  for  a flashli^L  Your  chances  for  the  job  will  depend  upon 
your  answer. 

Problem 

Determine  quantitatively  whedier  this  minor  will  make  a good  flashlight 


Solution  to  the  Problem 


ll  III  I, -J  Ic... 


j;.*  (ec^l 


Commentary 

In  the  first  sentence,  the  student  provides  a solution  to  the  problem  that  is  supported  by  the  analysis. 
A source  of  error  in  distance  measurements  is  identified.  Although  the  student  attempts  to  make  a 
real-life  connection,  the  statement  “this  would  make  the  flashlight  too  long”  is  too  general. 
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Student  Examples 
Building  a Flashlight 


Student  Example  3 

This  response  would  receive  a score  of  9 out  of  16. 


Procedure 


Scoring  Criteria 


2 

The  problem  is  understood. 
A practiced  procedure  with 
major  omissions  or  errors,  that 
could  be  followed  only  by 
someone  who  knew  what  was 
being  looked  for  is  presented. 
The  data  to  be  collected  may 
be  too  inaccurate  to  solve  the 
problem. 


You  may  find  it  helpfid  to  ident^  the  important  variables  before  providing  your  procedure. 

Manipulated  (independmt)  variable  He  onec/ 

Responding  (dependent)  variable 


He  IrM 

Controlled  variablefsl  nr-^J/e  it?  


Procedure 

Her  t cr  '•»  f"} 

rmaOil/ ^L<l<'cr'-,e  utnf,'(  tie  if 


Score 


o,f  //e 


pU<t'cr\e  I4^tri  iKe  ly  t 

a,  H.  (h.  mirrer  flot./'/  ^Lct  2 

, , V , ,/  .r 

C/»7  // 


)fo  Ut  ^ pf/atf/cf-e  fo 


?}are  fr«o-7  fk<  s/ 

pLcc  fL  C--A  J 0,,/ 

C\*^  j 7cr>,). 

Oiftry/c  *»y'  of  Uff*'  c//f^o^ref  r-f-n  M<r  hy^f' 

U.L  C.J  F..U  ,-f  tu  riyr 

7-lccfj  »y  V.r/-.»«  »f  Lw 

U. 


Commentary 

The  Student  understands  that  the  focal  length  of  the  mirror  needs  to  be  found.  The  procedure  is 
incomplete  because  the  student  does  not  identify  the  measurements  to  be  made.  The  method 
described— selecting  3,6,  and  9 cm— may  be  too  inaccurate  to  solve  the  problem  (depending  on  the 
focal  length  of  the  mirror). 


Continued 


Physics  20 


66 


Student  Examples 
Building  a Flashlight 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Observations 


Scoring  Criteria 


2 

The  data  gathered  relate  to  th( 
procedure.  The  observations 
and  results  are  incomplete, 
and  it  is  likely  that  the 
problem  cannot  be  solved  witl 
these  results.  The  use  of 
scientific  conventions  of 
communication  is 
inconsistently  followed. 


Commentary 

The  results  are  consistent  with  the  procedure  and  are  mostly  complete.  The  precision  of  the  3, 6, 
and  9 cm  is  insufficient.  Acceptable  precision  for  distance  measurements  for  this  procedure  is  to 
the  nearest  tenth  of  a centimetre.  The  data  collected  are  insufficient  to  solve  the  problem  because  no 
image  distance  measurements  are  made. 


Observations  Score 


Trial 

Niunber 

Pi'5 /■**«/■<■  oF 

1 

n 

2 

Y 

3 

n 
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Student  Examples 
Building  a Flashlight 


Analysis 


#1 


CLASSROOM 

ASSESSMENT 


MATERIALS 


Scoring  Criteria 


The  analysis  is  disorganized. 
The  mathematical  treatment  is 

incomplete  and  inaccurate. 


Score 


Analysis 

Aj-  a ^ jif  f ,y  y/Ui  f-U 

lyii 


9-^ 


fvr  a y«c/  fLyllyif 


Commentary 


The  student  draws  a ray  diagram  showing  parallel  reflected  rays.  There  is  no  mathematical 
treatment  to  quantitatively  determine  the  focal  length  of  the  mirror.  Although  the  an£dysis  is 
incomplete  it  can  be  inferred  from  the  final  sentence  that  the  student  recognizes  the  6 cm  as  the 
focal  point  of  the  mirror  and  thus  receives  one  mark. 

Continued 
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Student  Examples 
Building  a Flashlight 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Solution 


Scoring  Criteria 


Recall  this  ir^ormation  as  you  provide  your  solution  to  the  problem. 


4 

A solution  to  the  problem 
is  given,  using  appropriate 
scientific  conventions  of 
significant  digits  and  units 
where  appropriate.  The 
solution  is  thoroughly 
supported  by  the  analysis. 
The  evaluation  of  the 
solution  is  properly  made 
in  terms  of  the  behevability 
of  the  solution  and  any 
errors  in  the  procedure. 


Context 

You  are  looking  for  a part-time  job  and  have  applied  at  Bright  Li^ts,  a 
flashlight  manufacturing  company.  As  part  of  Ae  interview  for  the  job.  die 
presidrat  of  the  company  tells  you  that  concave  minors  are  used  to  mate 
flashlights.  Then  she  hands  you  a concave  minor  and  asks  if  it  would  be  a 
good  mirror  for  a flashlight.  Your  chances  for  die  job  will  depend  upon 
your  answer. 

Problem 

Determine  quantitatively  whedier  diis  minor  will  mate  a good  flashlight 


Solution  to  the  Problem  Score 


U'y  U 

erf  lo*»^  ar 


/^e  or  yooe/ 

iU 

ji  if  f'lie  g/(' rXv»  c e A ^ 

i f 


Commentary 


The  Student  solves  the  problem  by  stating  that  the  mirror  will  make  a good  flashlight.  This  solution 
is  supported  by  the  diagram  in  the  analysis  and  the  statement  “This  is  because  this 
is  the  distance  at  which  the  light  shines  almost  straight  ahead,  which  is  what  we  want  flashlights  to 
do.”  The  student  confidently  applies  a memorized  fact,  that  light  rays  from  an  object  at  the  focal 
point  of  a concave  mirror  are  reflected  parallel  to  the  mirror’s  axis,  to  the  task.  An  indication  of  the 
sources  of  error  is  not  required  in  this  evaluation  because  of  the  student’s  experimental  design. 
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Student  Examples 
Building  a Flashlight 


Student  Example  4 

This  response  would  receive  a score  of  5 out  of  16. 


Procedure 


Scoring  Criteria 


1 


You  may  find  it  heijfid  to  ident^  the  important  variables  before  providing  your  procedure. 

Manipiilated  (independent)  variable  

Responding  (dependent)  variable  »'V  () 

Controlled  variable(s)  OitAree 


The  problem  is  poorly 
understood.  The 
procedure  is  incomplete 
and  the  method  used  to 
obtain  the  data  is 
inappropriate.  Sufficient 
description  is  provided  that 
the  marker  can  infer  that  the 
data,  if  collected,  could  have 
been  used  to  solve  the 
problem. 


Procedure 


\x  CcWec^ 

3,.  Cc-irviW  \vic^l'c\n 

fO  \ ( fc  r f -1^  { ft:*  VV\  \)e  to 

H.F>rd  We  IaVI) 

cc^^l(AU  aAci  iie 


S fecoT(\ 


Commentary 

The  student  shows  some  understanding  of  the  problem.  In  step  3,  the  student  places  the  flame 
along  the  axis  of  the  mirror,  and  in  step  4,  the  relative  position  of  the  candle  to  the  mirror  is 
identified  as  being  significant.  However,  the  procedure  is  incomplete  because  it  does  not  identify 
any  measurements  to  be  made.  The  implied  measurements  from  step  4 could  be  used  to  solve 
the  problem. 


Continued 
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Student  Examples 
Building  a Flashlight 


Observations 


Scoring  Criteria 


2 


Observations 


The  data  gathered  relate  to 
the  procedure.  The 
observations  and  results  are 
incomplete,  and  it  is  likely 
that  the  problem  cannot  be 
solved  with  these  results. 
The  use  of  scientific 
conventions  of 
communication  is 
inconsistently  followed. 


Trial 

Number 

fr  ff'N 

1 

n 

9H,ci 

2 

3 

Score 


Commentary 

The  Student  provides  data  that  are  related  to  the  procedure  and  that  could  provide  a basis  for 
solving  the  problem.  However,  these  measurements  are  not  and  d-^  but  board  to  candle  and  J-, 
and  it  is  not  likely  the  problem  will  be  solved  with  these  results.  The  student  provides  only  one  set 
of  data.  The  student  has  correct  units  for  the  data,  but  the  precision  on  the  distance  measurements 
is  inconsistent. 


Continued 
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Student  Examples 
Building  a Rashlight 


' CLASSROOM 
ASSESSMENT 

: I MATERIALS 


Analysis 


Scoring  Criteria 


Analysis 


1 


Score 


The  analysis  is 

disorganized.  The 
mathematical  treatment 
is  incomplete  and 
inaccurate. 


z 6. 

, \ 


J ^ ' 

0 ^ CO"]yvn  ^ rr^ 


\ 

T ' 

Commentary 


The  Student  writes  down  the  correct  formula  for  focal  length.  The  substitution  of  values  is  not 
supported  by  the  data  collected.  The  mathematical  error  in  the  second  last  line  is  significant.  The 
student  states  the  final  answer  with  the  incorrect  number  of  significant  digits. 


Continued 
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Student  Examples 
Building  a Flashlight 


Solution 


Scoring  Criteria 


Recall  this  irrformatUm  as  you  provide  your  solution  to  the  problem. 


1 

A solution  to  the  problem 
is  given,  but  is  not 
supported  by  the  analysis. 
Evaluation  of  the  solution 
is  missing. 


Context 

You  are  looking  for  a part-time  job  and  have  applied  at  Bright  Lights,  a 
flashlight  manuf^actuiing  company.  As  part  of  ^ interview  for  the  job,  the 
president  of  the  company  tells  you  tiiat  concave  minors  are  used  to  make 
flashlights.  Then  she  hands  you  a concave  mirror  and  asks  if  it  would  be  a 
good  mimn’  for  a flashlight  Your  chances  for  the  job  will  depend  upon 
your  answer. 

Problem 

Determine  quantitatively  wtietfaer  tiiis  minor  will  make  a good  flashlight 


Solution  to  the  Problem 


Score. 


fVcsV^\i‘jV\\  '-i  ber(^use.  -lV\e  ►''iwYaf 

.If  uc\5 

cc^fveci  -W  bs- 

roli  cW(\j-c  f J \ I - . 


Commentary 

The  Student  provides  a solution  to  the  problem  but  does  not  make  any  reference  to  the  focal 
length  of  0.0054  m as  found  in  the  analysis.  Thus,  the  solution  is  not  supported  by  the  analysis. 
The  student  makes  no  attempt  at  evaluating  the  vahdity  or  behevability  of  die  solution. 
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Student  Examples 
Building  a Flashlight 


Performance  Task  3— Water  Waves 

The  task  as  it  appears  in  the  Student  Booklet: 


Context 

You  are  spending  a summer  day  at  a lake.  You  have  left  your  towel  and  radio  just  above  the  water  on  the 
shore  while  you  are  swimming.  Suddenly,  a large  powerboat  goes  by  30  m from  the  shore  and  creates  a large 
wave.  How  much  time  do  you  have  to  rescue  your  radio  and  towel  before  the  wave  reaches  them? 

Problem 

Determine  the  time  for  the  wave  to  reach  the  shore. 

Materials 

You  may  use  some  or  all  of  the  following: 

• 1 large  bucket  or  ripple  tank 

• water 

• model  boat 

• stop  watch 

• ruler 

• marble 

• metre  stick 

• string 

• speed  conversion  graph 

Instructions 

You  have  20-30  minutes  to  design  and  use  a procedure  to  solve  the  problem. 

• Describe  your  procedure. 

• Communicate  your  observations. 

• Analyze  your  results.  Include  all  necessary  calculations,  graphs,  etc.,  to  solve  the  problem. 

• Solve  the  problem  and  evaluate  your  solution. 

• Remember  that  your  work  will  be  scored  for  procedure,  observations,  analysis,  and  solution  to  the  problem. 

Before  leaving  this  station,  put  all  items  of  equipment  back  where  you  found  them.  Leave  the  station  as  it 
was  when  you  arrived. 
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Student  Examples 
Water  Waves 


Speed  of  waves  on  lake  (m/s) 


CLASSROOM 

'assessment 

MATERIALS 


Speed  Conversion  Graph 
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Student  Examples 
Water  Waves 


General  Trends 


I 


5 S CLASSROOM 
?' ' * ASSESSMENT 
I MATERIALS 


Students  using  a knowledge  approach  to  physics  found  this  task  to  be  challenging.  They  tended  to 
miss  the  wave  speed  entirely  by  tying  the  string  to  the  boat  and  then  measuring  the  speed  of  the 
boat.  These  students  also  tended  to  ignore  the  speed  conversion  graph  preferring  to  use  simple 
proportion  ratios. 

For  the  solution  to  the  problem  to  receive  a four,  the  student  needs  to  state  the  time  required  for  the 
wave  to  reach  the  shore,  make  reference  to  sources  of  error  in  determining  this  time  and  connect  this 
time  to  the  real  world.  Error  discussion  is  required  here,  as  in  Dart  Gun,  because  a numerical  value 
is  required  as  the  solution  to  the  problem. 
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Student  Examples 
Water  Waves 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Student  Example  1 

This  response  would  receive  a score  of  15  out  of  16. 


Procedure 


Scoring  Criteria 


The  problem  is  thoroughly 
understood.  An 
appropriate  and  practical 
procedure  is  presented  in  a 
clear  sequence.  The  data  to 
be  collected  would  be 
accurate  and  would  solve 
the  problem.  Any 
omissions  or  inconsistencies 
do  not  hinder  the 
communication  of  the 
procedure. 


You  may  find  it  helpful  to  identfy  the  important  variables  b^ore  providing  your  procedure 


Manipulated  (independent)  variable 
Responding  (dependoit)  variable 
Controlled  vaiiable(s) 


Procedure 


Score 


. J 


1 

M-c 

4 

h 

lU^ 

Lod*.  u*-’"  t 

VioepP 

a 

iU 

50 

t tv 

ffxdll 

i.V>r< 

a 

iL 

lClOv< 

U 

id 

5/fi^ 

J 

id  . 

A 

a. 

//‘♦k 

rl-  i!> 

/V  . ffj  €Ve.c/ 


frr<. 
/ . 


J-  ^ 

f/*. 

}L  //‘♦k  rt  /C  ft^cL  fC  Kte^.  •J 

^ 4.^/  J.  ^ ^ 

^ SpeJ  U P.^c^  ^ if, 

J 4<.  fU 

Li^  Hi  tca-lM^K  \re.[tHi/j  ilt,  pp  P,i/\c/  fL,  -/ha^ 

d /t^  ^ (L  \U  VOtlK  /4  ! So  VM  ^Oix/  y©OV/  ^Oc/>e 

L,ooe  ( 

Auw  « iL  m jLd,  - 

pft-  HJ,  L it  ^ 

V®/  dr'  . 


Commentary 

The  Student  thoroughly  understands  the  problem  and  designs  a practical  procedure  with  a clear, 
concise  sequence.  Measurements  of  the  control  (distance  the  wave  travels)  and  the  time  it  takes  for 
the  wave  to  reach  the  other  side  are  identified.  The  student  also  indicates  that  the  experiment  must  be 
performed  a number  of  times,  thus  improving  the  accuracy  of  the  data. 
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Student  Examples 
Water  Waves 


Observations 


Scoring  Criteria 


Observations 


T,^e 

1 

5 

I-  7^’, 

1 

lo 

Sco» 


4 

The  data  gathered  are 
consistent  with  the 
procedure.  The 
observations  and  results  are 
complete.  They  are  clearly 
and  logically  recorded. 

The  observations 
communicate  multiple  trials, 
where  appropriate,  to  solve 
the  problem.  Correct 
scientific  conventions  of 
communication  are  evident 
in  precision  of 
measurements  and  units. 


Commentary 

The  Student  provides  data  consistent  with  the  procedure.  The  student  hsts  the  data  in  chart  form 
with  clear  labels  and  uses  correct  scientific  conventions  in  both  units  and  precision. 


Continued 
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Student  Examples 
Water  Waves 


CLASSROOM 
A S S E S S M ENT 


MATERIALS 


Analysis 


Scoring  Criteria 


Analysis 


l/e^cr/f  .Vt 

^7 


3>Oc^ 

/->SS 


1/  ^ 
1 


~lO 

) S7  s 


t/-  ^ s 

1 

1/j  - U ^ T 


4 

The  analysis  is  well 
organized  and  thoroughly 
understood.  The 
mathematical  treatment  of 
the  observations  and  results 
is  correct,  including 
formulas,  calculations, 
graphs,  significant  digits, 
and  units,  etc.  The  data  are 
accurately  and  completely 
analyzed.  Minor  errors  may 
exist  in  the  analysis. 


y !C.o‘i£  . 
^ IC.1  ^ ■ 
} u.o'-r . 


lOo 


0-U 


loOf^  - 

= O.H  ^ 


T 


\)  6t/t 


— s£ — \LLri.,^ 

o./«gy  T -L  ^ T 
5 


Score 


Oa/o,.yL 


y /''s  O.  > 


UL  y ^ 


T 


f 


to/  e^>c✓fa■  cW  ^u>*/. 


Commentary 

The  student  provides  an  analysis  that  is  well  organized  and  that  shows  all  formulas,  substitutions, 
calculations,  and  a correct  averaging  technique.  The  data  used  is  consistent  with  the  observations  and 
the  student  correctly  converts  the  solution  using  the  graph.  Although  there  are  no  errors  in  this 
analysis  a 4 may  be  awarded  for  analysis  that  contains  minor  errors. 


Continued 
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Student  Examples 
Water  Waves 


*■■■'■  ASSESSMENT 
MATERIALS 


Solution 


Scoring  Criteria 


A solution  to  the  problem 
is  given  that  is  generally 
supported  by  the  analysis. 
The  evaluation  of  the 
solution  is  poorly  made. 


Recoil  this  information  as  you  provide  your  solution  to  the  problem. 


Context 

You  are  spending  a summer  day  at  a lake.  You  have  left  your  towel  and  radio 
just  above  the  water  on  the  shore  while  you  are  swimming.  Suddenly,  a large 
powerboat  goes  by  30  m firom  the  shore  and  creates  a large  wave.  How 
much  time  do  you  have  to  rescue  your  radio  and  towel  before  the  wave  reaches 
diem? 

Problem 

Determine  the  time  for  the  wave  to  reach  the  shore. 


Solution  to  the  Problem  Score . 

Tf  oo.'//  fL  Lpct>e  ‘o  ■ O ^ /4 


')  ^ iKiYk/-  ‘'o/-  ^ ^ 


Commentary 

In  the  first  statement,  the  student  indicates  a solution  that  is  consistent  with  and  supported  by  the 
analysis.  An  evaluation  of  the  solution  is  given  by  the  student  by  providing  some  points  that  would 
make  the  experiment  more  accurate.  The  student  receives  a 3 and  not  a 4 because  die  response  is 
weak  in  relating  the  reasonableness  of  the  solution  to  the  context. 


Summary  Comment 

The  Student  clearly  underst2inds  the  problem  and  is  able  to  design  a practical  procedure  that  solves 
the  problem.  The  student’s  work  is  concise  and  easy  to  understand,  and  communication  of  correct 
scientific  convention  is  evident  throughout.  The  student  is  confident  in  physics,  and  this  is  evident 
in  the  work  the  student  demonstrates. 
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Student  Examples 
Water  Waves 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Student  Example  2 

This  response  would  receive  a score  of  11  out  of  16. 


Procedure 


Scoring  Criteria 


3 


You  may  find  it  helpful  to  identify  the  important  variables  before  providing  your  procedure. 

Manipulated  (independent)  variable  

Responding  (dependent)  variable  

Controlled  variablefsl  


The  problem  is  well 
understood.  An 
appropriate  and  practical 
procedure  is  presented,  but 
the  data  to  be  collected 
would  be  insufficient  to 
solve  the  problem.  Any 
omissions  or  errors  in  the 
sequence  affect  the  vahdity 
of  the  data  to  be  collected. 


Procedure  Score 

2- drop  ap6^(e  fU 

\ YU  'ir<xwel  Aot/vxft 

roct  fo 

-tic  fk  IS  F^oiA^fte 

\jjOO  urc  d 'tU  -fo 

CC\\cU^C  Cj  e'^  / 

U-^€  ^p€cJ  Cot^uer^ Co c\  Cj^upir\  ic>  cckIc 

lo.lceS' 

7.  c(A\cul(k  ^ rfctcUA 


Commentary 

The  student  provides  a step-by-step  procedure  that  is  appropriate  to  solve  the  problem  by 
measuring  distance  and  time,  which  are  necessary  to  cdculate  speed.  Multiple  trials  are  not 
indicated  in  the  procedure.  This  reduces  the  validity  of  the  data  being  collected. 
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Student  Examples 
Water  Waves 


Observations 


Scoring  Criteria 

Observations  ^ 

3 

The  data  gathered  are 
mostly  consistent  with  the 
procedure.  The  observations 
and  results  are  mostly 
complete:  they  may  contain 
omissions  or  errors,  but  the 
problem  is  still  solvable. 
Scientific  conventions  of 
communication  are  used. 

Ir^rsi  4*14-6  \^opp(d^U  r<9dcc^  \rc^.KJ^( 

0 ' 3 fvi  / /. 

1 ( dr<pfip{d(  iU  roi^  fk 

U(Xv/e  ^.3c?v,  in  LH^S. 

Commentary 

The  Student  provides  data  consistent  with  the  procedure  for  multiple  trials  in  statement  form  rather 
than  in  a data  chart,  which  is  acceptable.  There  is  an  inconsistency  in  the  precision  used  in 
recording  distance  (0.3  m and  0.27  m)  and  time  (1.5  s and  1.21  s). 

Continued 
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Student  Examples 
Water  Waves 


Analysis 


Scoring  Criteria 

Analvsis  Score 

7 - of' 

2 

d 

The  analysis  has  some 

^ 

level  of  organization  and 

shows  some  under- 

standing. The  mathe- 
matical treatment  of  the 

\J:  0^22  s 

observations  cuid  results  is 

UyoOe12r€e^ 

only  partially  correct.  The 

calculations  may  be 

I 

inaccurate  for  the 

observations  obtained. 

! - \je  lot.  dr  0.201 

' " '^•‘(5  II  1^1:^  dpprc'x' 

-/Af  /^Aorf. 

Commentary 


The  Student  treats  the  data  partially  correctly  by  providing  formulas,  substitutions,  and  calculations; 
however,  the  averaging  method  is  missing.  As  well,  the  student  produces  and  uses  the  value  of  4.45 
(no  units)  with  no  explanation  of  how  this  value  was  obtained.  The  scientific  convention  of 
significant  digits  is  not  followed. 


Continued 


Physics  20 


83 


Student  Examples 
Water  Waves 


Solution 


A S S R O O M 


S E S S M ENT 


MATERIALS 


Scoring  Criteria 

Recall  this  information  as  you  provide  your  solution  to  the  problem. 

Context 

3 

You  are  spending  a summer  day  at  a lake.  You  have  left  your  towel  and  radio 
just  above  the  water  on  the  shore  while  you  are  swimming.  Suddenly,  a large 
powerboat  goes  by  30  m ftom  the  shore  and  creates  a large  wave.  How 
much  time  do  you  have  to  rescue  your  radio  and  towel  before  the  wave  reaches 
them? 

Problem 

A solution  to  the  problem 
is  given  that  is  generally 
supported  by  the  analysis. 

Determine  the  time  for  the  wave  to  reach  the  shore. 

Solution  to  the  Problem  Score 

The  evaluation  of  the 
solution  is  poorly  made. 

icxj  b^ore.  iU 

Commentary 


The  Student  provides  a solution  that  is  supported  by  the  analysis.  The  student  has  attempted  a 
real-life  application  of  the  solution  by  indicating  the  time  it  takes  to  get  “out  of  the  way”  but  has  not 
described  sources  of  error  in  the  experimental  design. 
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Student  Examples 
Water  Waves 


Student  Example  3 


This  response  would  receive  a score  of  7 out  of  16. 


Procedure 

Scoring  Criteria 

You  may  find  it  helpfid  to  ident^  die  important  variables  btfore  providing  your  procedure. 

2 

The  problem  is  understood. 

Mamoulaled  ^'indcDendentl  variable  \iVoOt- 

ResDondine  tdeoendent)  variable 
CootroUed  variabletsl 

A practical  procedure  with 
major  omissions  or  errors,  that 
could  be  followed  only  by 
someone  who  knew  what  was 
being  looked  for  is  presented. 
The  data  to  be  collected  may 
be  too  inaccurate  to  solve  the 
problem. 

Procedure  v k Score 

Q.  Vs\«!acN:.  (\  • 

Commentary 


The  procedure  suggested  is  practical  in  that  it  describes  the  need  for  multiple  trials  and  the  need  for 
a fixed  distance  for  each  trial.  In  addition,  the  student  shows  understanding  by  collecting  distaince 
and  time  data,  but  the  data  is  for  a block  moving  across  the  bucket  and  not  the  wave.  The  student 
does  not  provide  an  appropriate  procedure  for  accurately  solving  the  problem. 
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Student  Examples 
Water  Waves 


Observations 


CLASSROOM 
j'lkV  ASSESSMENT 
|5  MATERIALS 


Scoring  Criteria 

2 

The  data  gathered  relate  to  the 
procedure.  The  observations 
and  results  are  incomplete, 
and  it  is  likely  that  the 
problem  cannot  be  solved  with 
these  results.  The  use  of 
scientific  conventions  of 
communication  is 
inconsistently  followed. 


Commentary 

The  student’s  observations  relate  to  the  procedure.  The  student  records  multiple  trials  with 
appropriate  precision.  The  student  uses  a fixed  distance  of  20  cm.  No  units  for  the  numbers  in  any 
of  the  trials  are  provided,  and  there  is  no  indication  of  what  the  numbers  represent. 


Observations  ^ _ 

CJL  ‘ cjfrs« 


Continued 


Physics  20 


86 


Student  Examples 
Water  Waves 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Analysis 


Scoring  Criteria 

Analysis  

1 

The  analysis  is 

disorganized.  The 
mathematical  treatment  is 
incomplete  and  inaccurate. 

V ^ 

% 

Commentary 


The  Student  uses  data  that  are  consistent  with  the  observations  and  uses  a speed  formula 
appropriately.  The  student  does  not  show  an  averaging  technique  (the  work  is  erased).  The 
conversion  from  the  calculated  speed,  0.02419  m/s,  to  the  speed  on  the  lake  of  5 m/s  is  inaccurate. 
The  student  uses  significant  digits  incorrectly. 
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|8 

it  CLASSROOM 


ASSESSMENT 

MATERIALS 


Solution 


Scoring  Criteria 

Ream  this  b^rmationasyom  provide  your  solution  to  die  problem. 

Context 

2 

A solution  to  the  problem 
is  given,  that  is  generally 
supported  by  the  analysis. 
Evaluation  of  the  solution 

YcHiarespradingasummerdayatalake.  You  have  left  your  towel  and  radio 
just  above  the  water  on  die  shcm  while  you  are  swimming.  Sudddily,  a large 
powerboat  goes  by  30  m from  the  shore  and  creates  a large  wave.  How 
much  time  ^ you  have  to  rescue  your  radio  and  towel  before  the  wave  teaches 
them? 

Problem 

l>termme  the  tiine  for  the  wave  to  readi  the  shore. 

is  ignored. 

Solution  to  the  Problem  Score 

— 

Commentary 


The  Student  provides  a solution  to  the  problem  with  correct  units.  The  student  does  not  attempt  to 
relate  the  physics  of  the  question  to  its  implications  in  reahty.  There  is  no  indication  of  any  sources 
of  error  in  the  collection  of  data. 


iL 

•l 

It 
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Student  Example  4 

This  response  would  receive  a score  of  5 out  of  16. 

Procedure 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Speed  Conversion  Graph 


Scoring  Criteria 


2 

The  problem  is  understood. 
A practical  procedure  with 
major  omissions  or  errors, 
that  could  be  followed  only 
by  someone  who  knew  what 
was  being  looked  for  is 
presented.  The  data  to  be 
collected  may  be  too 
inaccurate  to  solve  the 
problem. 


Phvs/SSR  PBA4Dd2 

You  may  find  it  helpful  to  identify  the  important  variables  b^ore  providing  your  procedure. 

Manipulated  (independent)  variable  

Responding  (dependent)  variable  

Controlled  variable(s) 


Procedure 


h 4 

^ '5 

u k) 

Ict^c 

\Jo  f 0 

Score 

aC  fo'^3  1^4/^ 

rj~  -4.^ 


Commentary 

The  student  shows  some  understanding  of  the  problem  by  measuring  distance  and  time.  The 
response  contains  major  omissions  in  failing  to  identify  any  controls  or  multiple  trials. 
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Observations 


CLASSROOM 

'assessment 


MATERIALS 


Observations 


Scoring  Criteria 


Score 


u9a  0''P  1,^ 

J '^l^ce 


3eC 

Sd 


1 

The  data  gathered  relate  to 
the  procedure.  Scientific 
conventions  of 
communication  are  absent. 


5i? 


e 

f 


wbn 


i 7 


-4;.-  f's^c^  -tL  <e  ^ 


Commentary 


A single  distance  and  time  measurement  that  relate  to  the  procedure  are  made.  Scientific  conventions 
are  ignored  in  the  units  of  time  and  in  the  precision  of  the  distance  measurements. 
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CLASSROOM 

ASSESSMENT 

MATERIALS 


Analysis 


Scoring  Criteria 


Analysis 


Score 


1 

The  analysis  is 

disorganized.  The 
mathematical  treatment  is 
incomplete  and  inaccurate. 


Commentary 


The  Student  provides  the  analysis  under  Observations,  in  the  second  half  of  the  first  sentence,  “So 
the  wave  had  a velocity  of  3.3  m/s”  and  the  first  half  of  the  last  sentence,  “so  it  would  take  the  wave 
V = d/t,  d/v  = t,  t <9.1  seconds  . . . .”  The  stated  value  of  3.3  m/s  should  be  0.33  m/s.  The  student 
does  not  use  the  speed  conversion  graph  to  obtain  the  speed  of  the  wave  on  the  lake  before 
calculating  the  time.  With  a correct  value  from  the  conversion  graph,  this  could  give  a valid  answer. 
The  formula  v=pi  is  irrelevant  to  the  problem  and  can  be  ignored. 


Solution 


Scoring  Criteria 


Recall  this  information  as 


you  provide  your  solution  to  the  problem. 


1 

A solution  to  the  problem 
is  given  but  is  not 
supported  by  the  analysis. 
Evaluation  of  the  solution 
is  missing. 


Context 

You  are  spending  a summer  day  at  a lake.  You  have  left  your  towel  and  radio 
just  above  the  water  on  the  shore  while  you  are  swimming.  Suddenly,  a large 
powerlwat  goes  by  30  m from  the  shore  and  creates  a large  wave.  How 
much  time  do  you  have  to  rescue  your  radio  and  towel  before  the  wave  reaches 
them? 

Problem 

Determine  the  time  for  the  wave  to  reach  the  shore. 


Solution  to  the  Problem 


Score 


Commentary 

The  solution  is  provided  in  the  last  sentence  under  observations  where  the  student  states  ‘Y  < 9.1 
seconds  to  reach  the  beach.”  There  is  no  evaluation  provided. 
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